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(54) FLAME RETARDANT, FLAME-RETARDED RESIN COMPOSITIONS, AND PROCESS FOR 
PRODUCTION OF THE FLAME RETARDANT 



(57) Aflame retardantresin composition isdisclosed 
An acrylonitrile- styrene based polymer, into which sul- 
fonic acid groups and/or sulfonate groups have been in- 
troduced by sulfonating processing with a sulfonating 
agent containing less than 3 wt% of moisture, is con- 



tained in a resin to be made flame retardant, so that flame 
retardant properties will be conferred on the resin flame 
resistant. 
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Description 
Technical Field 

5 [0001] This invention relates to a flame retarderfor imparting flame retardant properties to a resin composition, a flame 
retardant resin composition containing this flame retarder, and to a method of producing the flame retarder. 
[0002] The present invention contains subject matter related to Japanese Patent Applications JP 2004-085477, JP 
2004-085479 and JP 2004-085480, all filed on March 23, 2004, the entire contents of which being incorporated herein 
by reference. 

10 

Background Art 

[0003] The flame retarders for resin, used in these years for conferring flame retardant properties on a resin composition, 
may be exemplified by metal hydroxide based (e.g. magnesium hydroxide or aluminum hydroxide) flame retarders, 
15 silicon based (e.g. silicone or silica) flame retarders, halogen-based (bromine) flame retarders and phosphorus-based 
(e.g. phosphate or red phosphorus) flame retarders. 

[0004] The metal hydroxide based flame retarders suffer from the defect that they are added in larger quantities in 
the resin and hence the mechanical properties of the resin are impaired. The silicon-based flame retarders suffer from 
the defect that the sorts of the resin compositions, the silicon-based flame retarders may be applied to, are limited. On 

20 the other hand, the consumption of halogen-based flame retarders tends to be decreased because they are detected 
in animals or in woman's milk, or there is fear of generation of bromine-based dioxin on combustion. 
[0005] Thus, the phosphorus-based flame retarders are currently attracting attention as a substitute material for the 
above flame retarders. However, the phosphorus-based flame retarders suffer from a problem that gases may be evolved 
on injection molding a resin composition, or the resin composition may be lowered in thermal resistance. 

25 [0006] In connection with use of the polycarbonate resin, as a resin composition, a flame retarder for resin of a 
polystyrene sulfonate resin type, which is a metal salt flame retarder, has been proposed in JP Laid-Open Patent 
Publications 2001-181342, 2001-181444 and 2001-2941. 

[0007] The flame retarders for resins, proposed in these Patent publications, suffer from the problem that the resin 
compositions, the flame retarders may be applied to, are limited to polycarbonate resins, that the flame retardant effect 
30 is insufficient, and that the flame retarders are not dispersed substantially uniformly, that is, that the flame retarders are 
poor in compatibility. For this reason, there is raised a demand for a flame retarder for resin exhibiting higher flame 
retardant properties. 

[0008] In particular, a flame retarder for resin, proposed in JP Laid-Open Patent Publication 2002-2941 , contains an 
amide group or a carboxyl group, liable to take up the moisture, such that, when the resin composition, containing the 
35 flame retarder, is stored for prolonged time, there is raised such a problem that the resin composition is discolored and 
impaired in appearance, or the resin itself becomes embrittled, that is, the resin is lowered in mechanical strength. 

Disclosure of the Invention 

40 Problem to be solved by the Invention 

[0009] It is an object of the present invention to provide a flame retarder having high compatibility with respect to a 
resin composition and which is capable of suppressing deterioration in appearance or in mechanical strength on prolonged 
storage of the resin composition. It is also an object of the present invention to provide a flame retardant resin composition 

45 and a method for producing the flame retarder. 

[001 0] For solving the above problem, the present inventors have conducted perseverant researches, and have found 
that a styrene-based polymer, containing a preset amount of acrylonitrile as a monomer unit, and into which have been 
introduced preset amounts of sulfonic acid groups and/or sulfonate groups, is superior as a flame retarderfor resin. This 
finding has led to fulfillment of the present invention. 

50 [0011] A flame retarder according to the present invention is to be contained in a resin composition to confer flame 
retardant properties on the resin composition. The flame retarder comprises an acrylonitrile- styrene based polymer 
containing at least acrylonitrile and styrene. The acrylonitrile- styrene based polymer has been sulfonated with a sul- 
fonating agent containing less than 3 wt% of moisture, so that sulfonic acid groups and/or sulfonate groups have been 
introduced into the acrylonitrile- styrene based polymer. 

55 [001 2] A flame retardant resin composition according to the present invention contains a flame retarder to confer flame 
retardant properties on the resin composition. The flame retarder includes an acrylonitrile- styrene based polymer con- 
taining at least acrylonitrile and styrene. The acrylonitrile- styrene based polymer has been sulfonated with a sulfonating 
agent containing less than 3 v\rt% of moisture, so that sulfonic acid groups and/or sulfonate groups have been introduced 
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into the acrylonitrile- styrene based polymer. 

[0013] A method for producing a flame retarder according to the present invention produces a flame retarder to be 
contained in a resin composition to confer flame retardant properties on said resin composition. The method comprises 
sulfonating the acrylonitrile- styrene based polymer, containing at least acrylonitrile and styrene, with a sulfonating agent 
5 containing less than 3 wt% of moisture, for introducing sulfonic acid groups and/or sulfonate groups into the acrylonitrile- 
styrene based polymer, to produce a flame retarder. 

[0014] A method for producing a flame retarder according to the present invention produces a flame retarder to be 
contained in a resin composition to confer flame retardant properties on said resin composition. The method comprises 
reacting a powdered acrylonitrile- styrene based polymer, containing at least acrylonitrile and styrene, with an SO3 gas 
10 for performing sulfonating processing for introducing sulfonic acid groups and/or sulfonate groups into the acrylonitrile- 

styrene based polymer. 

[0015] According to the present invention, since the acrylonitrile-styrene based polymer, into which sulfonic acid groups 
and/or sulfonate groups have been introduced by sulfonating processing with a sulfonating agent containing less than 
3 wt% of the moisture, is used as a flame retarder, the sorts of the resin composition, that can properly be made flame 

15 retardant, can be proliferated, while the flame retarder may be dispersed substantially evenly in the resin composition. 
[001 6] Moreover, according to the present invention, since an acrylonitrile- styrene based polymer, containing sulfonic 
acid groups and/or sulfonate groups introduced therein, is contained as a flame retarder in a resin composition, a frame 
retardant resin composition of superior quality may be obtained in which defects in appearance or poor mechanical 
strength are not produced on prolonged storage. 

20 [0017] A flame retarder according to the present invention is to be contained in a resin composition to confer flame 
retardant properties on the resin composition. With the flame retarder, sulfonic acid groups and/or sulfonate groups have 
been introduced into an aromatic polymer containing monomer units having aromatic skeletons in an amount ranging 
between 1 mol% and 100 mol%, with the polymer having a weight average molecular weight ranging between 25000 
and 10000000. The sulfur content in the sulfonic acid groups and/or sulfonate groups ranges between 0.001 wt% and 

25 20 Vi^t%. 

[0018] Aflame retardant resin composition according to the present invention contains a flame retarder which confers 
flame retardant properties on the resin composition. With the flame retarder, sulfonic acid groups and/or sulfonate groups 
have been introduced into an aromatic polymer containing monomer units having aromatic skeletons in an amount 
ranging between 1 mol% and 100 mol%, with the polymer having a weight average molecular weight ranging between 
30 25000 and 1 0000000. The sulfur content of the sulfonic acid groups and/or sulfonate groups ranges between 0.001 wt% 
and 20 wt%. 

[0019] According to the present invention, since an aromatic polymer of a preset molecular weight, into which have 
been introduced preset amounts of sulfonic acid groups and/or sulfonate groups, is used as a flame retarder, the sorts 
of the resin composition, that can properly be made flame retardant, can be proliferated, while the flame retarder may 

35 be dispersed substantially evenly in the resin composition. 

[0020] Moreover, according to the present invention, since an acrylonitrile- styrene based polymer, containing sulfonic 
acid groups and/or sulfonate groups introduced therein, is contained as a flame retarder in the resin composition, a 
frame retardant resin composition of superior quality may be obtained in which defects in appearance or poor mechanical 
strength are not produced on prolonged storage. 

40 [0021] A flame retarder according to the present invention is to be contained in a resin composition to confer flame 
retardant properties on the resin composition. The flame retarder includes an aromatic polymer containing monomer 
units having aromatic skeletons ranging between 1 mol % and 1 00 mol%. Into the aromatic polymer, sulfonic acid groups 
and/or sulfonate groups have been introduced in an amount ranging between 0.01 mol % and 14.9 mol %. 
[0022] Aflame retardant resin composition according to the present invention contains a flame reterderto conter flame 

45 reterdant properties on the resin composition. The flame retarder includes an aromatic polymer containing monomer 
units having aromatic skeletons ranging between 1 mol % and 1 00 mol%. Into the aromatic polymer, sulfonic acid groups 
and/or sulfonate groups have been introduced in an amount ranging between 0.01 mol% and 1 4.9 mol%. 
[0023] According to the present invention, since the aromatic polymer, into which have been introduced preset amounts 
of sulfonic acid groups and/or sulfonate groups, is used as a flame retarder, the sorts of the resin composition, that can 

50 properly be made flame retardant, can be proliferated, while the flame retarder may be dispersed substantially evenly 
in the resin composition. 

[0024] Moreover, according to the present invention, since an aromatic polymer, into which sulfonic acid groups and/or 
sulfonate groups have been introduced by sulfonating processing with a sulfonating agent containing less than 3 wt% 
of moisture, is contained in the resin composition, as a flame retarder, a flame retardant resin composition of superior 
55 quality may be obtained in which defects in appearance or poor mechanical strength are not produced on prolonged 
storage. 

[0025] Other objects and advantages of the present invention will become more apparent from the embodiments and 
examples which will now be explained. 
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Best Mode for Carrying out the Invention 

[0026] A flame retarder, a flame retardant resin composition and a method for producing the flame retarder, according 
to the present invention, will now be described in detail. 
5 [0027] The flame retardant resin composition, embodying the present invention, is a resin material used for household 
electrical products or fibers. It is a resin material, which is to be made flame retardant, and which has been made flame 
retardant by the flame retarder contained therein. 

[0028] The flame retarder, contained in the flame retardant resin composition, is a polymer containing at least acry- 
lonitrile and styrene, and into which a preset amount(s) of sulfonic acid group and/or a sulfonate group have been 
10 introduced. 

[0029] Specifically, the polymer containing acrylon*irile and styrene, referred to below as an acrylonitrile- styrene 
based polymer, maybe enumerated by, for example, an acrylonitrile- styrene copolymer (AS), an acrylonitrile- butadiene- 
styrene copolymer (ABS), an acrylonitrile- chlorinated polyethylene- styrene resin (ACS), an acrylonitrile- styrene- acr- 
ylate copolymer (ASA), an acrylonitrile-ethylene propylene rubber- styrene copolymer (AES), and an acrylonitrile-ethyl- 
15 ene- propylene- diene- styrene resin (AEPDMS). These may be used either alone or in combination. 

[0030] In the acrylonitrile- styrene based polymer, the acrylonitrile units contained therein are preferably in the range 
from 1 mol % to 90 mol%, more preferably in the range from 10 mol % to 80 mol % and most preferably in the range 
from 20 mol % to 70 mol%. 

[0031] If the amount of the acrylonitrile units, contained in the acrylonitrile- styrene based polymer, is less than 1 mol%, 
20 the flame retarder becomes difficult to disperse substantially evenly in the fiame retardant resin composition. That is, 
the flame retarder becomes poor in compatibility with respect to the resin composition, such that it becomes difficult to 
achieve high flame retardant properties. If, on the other hand, the amount of the acrylonitrile units, contained in the 
acrylonitrile- styrene based polymer, is more than 90 mol%, the introducing rate of sulfonic acid groups or sulfonate 
groups into the acrylonitrile- styrene based polymer becomes lower with the consequence that only limited effects of 
25 donating flame retardant properties to the flame retardant resin composition may be achieved. 

[0032] On the other hand, the amount of styrene units, contained in the acrylonitrile-styrene based polymer, is preferably 
in the range from 1 to 99 mol%, more preferably in the range from 1 0 to 90 mol % and most preferably in the range from 
20 to 80 mol%. 

[0033] If the amount of styrene units, contained in the acrylonitrile- styrene based polymer, is less than 1 mol%, the 
30 introducing rate of the sulfonic acid groups or sulfonate groups becomes lower, such that optimum flame retardant 
properties cannot be achieved. If, on the other hand, the amount of styrene units, contained in the acrylonitrile-styrene 
based polymer, is more than 99 mol%, the flame retarder becomes poor in compatibility with respect to the resin com- 
position, such that it becomes difflcult to achieve superior flame retardant properties. 

[0034] Meanwhile, the acrylonitrile units and the styrene units may be alternately copolymerized, or may be block 
35 polymerized. Preferably, the acrylonitrile units and the styrene units are alternately copolymerized for conferring adequate 
flame retardant properties on the flame retardant resin composition. 

[0035] It is noted that the weight average molecular weight of the acrylonitrile-styrene based polymer is preferably 
1000 to 10000000, more preferably 5000 to 1000000 and most preferably 20000 to 500000. 

[0036] Ifthe weight average molecular weightof the acrylonitrile-styrene based polymer deviates from the range from 
40 5000 to 10000000, the flame retarder becomes difficult to disperse substantially evenly in the resin which is to be flame 
retardant, that is, the flame retarder becomes poor in compatibility with respect to the resin, with the result that it becomes 
difficult to confer suitable flame retardant properties to the flame retardant resin composition. 

[0037] In the acrylonitrile- styrene based polymer, the styrene unit holds a benzene ring, and hence is useful in 
introducing sulfonic acid groups and/or sulfonate groups as later explained. On the other hand, the acrylonitrile unit 
45 contributes to improving the compatibility of the polymer with respect to the resin composition. 

[0038] Asthe acrylonitrile- styrene based polymer, used-up redeemed materials or scraps from the plant may be used. 
Thatis, the acrylonitrile-styrene based polymer, which serve as a feedstock material, is superior in recycling performance 
and contributes to cost reduction. 

[0039] The method for introducing the sulfonic acid groups and/or sulfonate groups into the acrylonitrile- styrene based 
50 polymer may be exemplified by a method of sulfonating the acrylonitrile-styrene based polymer with a preset sulfonating 

[0040] The sulfonating agent, used for sulfonating an acrylonitrile- styrene based polymer, preferably contains less 
than 3 wt% of the moisture. Specifically, the sulfonating agent is one or more selected from the group consisfing of 
sulfuric anhydride, fuming sulfuric acid, chlorosulfonic acid and polyalkylbenzenesulfonicacid. A complex of, for example, 
55 alkyi phosphates or dioxane with Lewis bases may also be used as the sulfonating agent. 

[0041] If, with the use of, for example, concentrated sulfuric acid, with the water content of 96 wt%, as a sulfonating 
agent, the acrylonitrile- styrene based polymer is sulfonated to produce a flame retarder, the cyano groups in the polymer 
are hydrolyzed and thereby converted into amide groups or carboxyl groups, exhibiting high hygroscopicity, such that 



4 



EP 1 728 823 A1 



aflame retarder containing these amide orcarboxyl groups is generated. If the flame retarder, containing larger quantities 
of the amide groups or carboxyl groups, is used, excellent flame retardant properties can be conferred on the flame 
retardant resin composition. However, there is fear that water is taken up from outside with lapse of time so that incon- 
veniences such as change in color of the flame retardant resin composition and consequent impairment in appearance 

5 or deterioration in the mechanical strength of the resin may arise. Specified examples of this type of the flame retarder 
are polystyrene sulfonate flame retarder as proposed in, for example, the JP Laid-Open Patent Publication 2001-2941 . 
[0042] In light of the above, the method of sulfonating the acrylonitrile- styrene based polymer may be exemplified by 
a method consisting in adding a preset amount of the sulfonating agent to a solution, obtained on dissolving the acry- 
lonitrile- styrene based polymer in an organic solvent (chlorine-based solvent), to carry out the reaction. There Is also 

10 such a method consisting In adding a preset amount of a preset sulfonating agent to a liquid obtained on dispersing a 
pulverulent acrylonitrile- styrene based polymer In an organic solvent (the liquid which Is not a solution) to carry out the 
reaction. There are also such a method consisting in directly injecting an acrylonitrile- styrene based polymer into a 
sulfonating agent, and such a method consisting in directly spraying a sulfonating gas, specifically a gas of a sulfuric 
anhydride (SO3), to a pulverulent acrylonltrlle-styrene based polymer, to carry out the reaction. 

15 [0043] To the acrylonitrile- styrene based polymer are introduced the sulfonic acid groups (-SO3H) or the sulfonate 
groups either directly or as these groups have been neutralized with ammonia or amine compounds. Specifically, the 
sulfonates may be enumerated by, for example, Na salts, K salts, Li salts, Ca salts, Mg salts, Al salts, Zn salts, Sb salts 
and Sn salts of sulfonic acid. 

[0044] It is noted that higher flame retardant properties may be conferred on the resin composition when sulfonate 
20 groups, rather than the sulfonic acid groups, have been introduced into the acrylonitrile- styrene based polymer of the 
flame retarder. 

[0045] Also, in the flamer retarder, the amount of the sulfonic acid groups and/or sulfonate groups, Introduced Into the 
acrylonitrile- styrene based polymer of the flame retarder, is based on the content of sulfur (S) In the flame retarder. 
Specifically, the sulfur content In the flame retarder is preferably 0.001 to 16 wt%, more preferably 0.01 to 10 wt% and 

25 most preferably 0.1 to 5 wt%. 

[0046] If the sulfur content In the flame retarder Is less than 0.001 wt%, the amount of the sulfonic acid groups and/or 
the sulfonate groups, Introduced Into the acrylonitrile- styrene based polymer, is so small that It becomes difficult to 
confer flame retardant properties on the flame retardant resin composition. If conversely the sulfur content in the flame 
retarder is more than 16 wt%, the amount of sulfonic acid groups and/or the sulfonate groups introduced into the 

30 acrylonitrile- styrene based polymer becomes excessive, so that there is fear that the flame retarder is lowered in 
compatibility with respect to the resin composition. There is also fear that the flame retardant resin composition is 
deteriorated in mechanical strength with lapse of time, or the blooming time becomes longer at the time of combustion. 
[0047] The resin composition, in which the aforementioned flame retarder is to be contained and which is to be thereby 
made flame retardant, may be enumerated by, for example, polycarbonate (PC), an acrylonitrile- butadiene- styrene 

35 copolymer (ABS), polystyrene (PS), an acrylonltrlle-styrene copolymer (AS), polyvinyl chloride (PVC), polyphenylene 
oxide (PPO), polyethylene terephthalate (PET), polybutylene terephthalate (PBT), polysulfone (PSF), thermoplastic 
elastomer (TPE), polybutadlene (PB), polyisoprene (PI), nitrile rubber (acrylonitrile-butadiene rubber, nylon, and polylactic 
add (PLA). Such resin composition containing one or more of the above resins in an amount of 5 wt% or more is used. 
That Is, one of the above resins or a mixture containing two or more of the above resins (alloy) may be used as the resin 

40 to be made flame retardant. 

[0048] The resin composition, in which the aforementioned flame retarder is to be contained and which is to be thereby 
made flame retardant particularly effectively, may be enumerated by, for example, ABS, (HI)PS, AS, PPO, PBT, PET, 
PVC, PLA, an ABS/PC alloy, a PS/PC alloy, an AS/PC alloy, an HIPS/PC alloy, a PET/PC alloy, a PBT/PC alloy, a 
PVC/PC alloy, a PLA (polylactic acid)/PC alloy, a PPO/PC alloy, a PS/PPO alloy, a HIPS/PPO alloy, an ABS/PET alloy 

45 and a PET/PBT alloy. These resin compositions may be used either alone or in combination. 

[0049] Similarly to the aforementioned flame retarder, the resin to be made flame retardant may be used-up redeemed 
materials or scraps from the plant That is, in the flame retardant resin composition, the resin to be made flame retardant, 
which serves as a feedstock material, Is superior In recycling performance, and contributes to cost reduction. 
[0050] In the above-described flame retardant resin composition, the acrylonltrlle-styrene based polymer, which has 

50 been sulfonated with a sulfonating agent containing less than 3 wt% of moisture, and Into which the sulfonic acid groups 
and/or the sulfonate groups have thereby been introduced, is used as a flame retarder. This may Increase the number 
of sorts of the resins which are to be optimally made flame retardant. 

[0051] Moreover, In this flame retardant resin composition, superior flame retardant properties may be developed 
because the acrylonitrile units of the acrylonitrlle-styrene based polymer, acting as a flame retarder, operate for sub- 
55 stantlally evenly dispersing the flame retarder in the resin which is to be rendered flame retardant. 

[0052] In addition, In this flame retardant resin composition, the flame retarder contained therein has been produced 
by sulfonating processing with a sulfonating agent, containing less than 3 wt% of water, such that none of the amide 
groups or carboxylic groups, exhibiting high hygroscopicity, is introduced into the flame retarder. Hence, it becomes 
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possible to prohibit such inconvenience that water is taken up on prolonged storage so that the resin composition is 
changed in color, deteriorated in appearance or lowered in mechanical strength. 

[0053] Furthermore, in the flame retardant resin composition, the content of the flame retarder is preferably 0.0001 to 
30 wt%, more preferably 0.001 to 10 wt% and most preferably 0.01 to 3 wt%. 

5 [0054] If the content of the flame retarder is less than 0.0001 wt%, it becomes difficult to effectively confer flame 
retardant properties to the resin composition. If, on the other hand, the content of the flame retarder is more than 30 
wt%, the effect becomes negative, that is, the resin composition to be rendered flame retardant tends to be combustible. 
[0055] That is, the present flame retarder may be added in a minor quantity to the resin to be rendered flame retardant, 
in which case the flame retardant properties may be efficaciously conferred on the flame retardant resin composition as 

10 an ultimate product. 

[0056] The above-described flame retardant resin composition may also be added by known routine flame retarders, 
in addition to the above-described flame retarders, for further improving the flame retardant properties. 
[0057] These known routine flame retarders may be enumerated by, for example, organic phosphate based flame 
retarders, halogenated phosphate based flame retarders, inorganic phosphorus based flame retarders, halogenated 

15 bisphenol based flame retarders, halogenated compound based flame retarders, antimony based flame retarders, ni- 
trogen based flame retarders, boron based flame retarders, metal salt based flame retarders, inorganic flame retarders 
and silicon based flame retarders. These flame retarders may be used either singly or in combination. 
[0058] Speciflcally, the organic phosphate or phosphite based flame retarders may be enumerated by, for example, 
triphenyl phosphate, methyl neobenzyl phosphate, pentaerythrytol diethyl diphosphate, methyl neopentyl phosphate, 

20 phenyl neopentyl phosphate, pentaerythrytol diphenyl diphosphate, dicyclopentyl hypodiphosphate, dineopentyl hypodi- 
phosphite, phenyl pyrocatechol phosphite, ethyl pyrocatechol phosphate and dipyrocatechol hypodiphosphate. These 
may be used either alone or in combination. 

[0059] The halogenated phosphate based flame retarders may be enumerated by, for example, tris(D-chloroethyl) 

25 phosphate, tris(dicyclopropyl) phosphate, trls(D-bromoethyl) phosphate, tris(dibromopropyl) phosphate, tris(chloropro- 
pyl) phosphate, tris(dibromophenyl) phosphate, tris(tribromophenyl) phosphate, tris(tribromoneopentyl) phosphate, con- 
densed polyphosphate and condensed polyphosphonate. These may be used either alone or in combination. 
[0060] The inorganic phosphorus based flame retarder may be exemplified by, for example, red phosphorus and 
inorganic phosphates. These may be used either alone or in combination. 

30 [0061] The halogenated bisphenol based flame retarder may be enumerated by, for example, tetrabromobisphenol 
A, oligomers thereof and bis(bromoethylether) tetrabromobisphenol A. These may be used either alone or in combination. 
[0062] The halogen compound based flame retarder may be enumerated by decabromodiphenyl ether, hexabro- 
mobenzene, hexabromocyclododecane, tetrabromo phthalic anhydride, (tetrabromobiphenol) epoxy oligomer, hexab- 
romobiphenyl ether, tribromophenol, dibromocresyl glycidyl ether, decabromodiphenyl oxide, halogenated polycar- 

35 bonate, halogenated polycarbonate copolymers, halogenated polystyrene, halogenated polyolefin, chlorinated paraffin 
and perchlorocyclodecane. These may be used either alone or in combination. 

[0063] The antimony based flame retarder may be enumerated by, for example, antimony trioxide, antimony tetroxide, 
antimony pentoxide and sodium antimonite. These may be used either alone or in combination. 
[0064] The nitrogen-based flame retarders may be enumerated by, for example, melamine, alkyi group substituted or 
^0 aromatic group substituted melamine, melamine cyanurate, melamine isocyanurate, melamine phosphate, triazine, 
guanidine compounds, urea, a variety of cyanuric acid derivatives and phosphasene compounds. These may be used 
either alone or in combination. 

[0065] Examples of boric acid based flame retarder may Include zinc borate, zinc metaborate and barium metaborate. 
These may be used either alone or in combination. 
45 [0066] Examples of metal salt based flame retarder include alkali metal salts and alkali earth metal salts of perfluor- 
oalkane sulfonic acid, alkylbenzene sulfonic acid, halogenated alkylbenzene sulfonic acid, alkylsulfonic acid and naph- 
thalene sulfonic acid. These may be used either alone or in combination. 

[0067] The inorganic flame retarder may be enumerated by, for example, magnesium hydroxide, aluminum hydroxide, 
barium hydroxide, calcium hydroxide, dolomite, hydrotalcite, basic magnesium carbonate, hydrogenated zirconium, 

50 hydrates of inorganic metal compounds, such as hydrates of tin oxide, metal oxides, such as aluminum oxide, iron oxide, 
titanium oxide, manganese oxide, magnesium oxide, zirconium oxide, zinc oxide, molybdenum oxide, cobalt oxide, 
bismuth oxide, chromium oxide, tin oxide, nickel oxide, copper oxide and tungsten oxide, powders of metals, such as 
aluminum, iron, copper, nickel, titanium, manganese, tin, zinc, molybdenum, cobalt, bismuth, chromium, tungsten and 
antimony, and carbonates, such as zinc carbonate, magnesium carbonate, calcium carbonate and barium carbonate. 

55 These may be used either alone or in combination. 

[0068] Out of the inorganic flame retarders, magnesium hydroxide, aluminum hydroxide, talc, which is a hydrated 
silicate of magnesium, basic magnesium carbonate, mica, hydrotalcite and aluminum are desirable from the perspective 
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of flame retardant properties and from economic considerations. iVleanwhiie, used-up redeemed materials or scraps 
from the plant may be used as inorganic flame retarders. 

[0069] Examples of silicon-based flame retarders include polyorganosiloxane resins (silicone or organic silicates) and 
silica. These may be used either alone or as a mixture. The polyorganosiloxane resins may be exemplified by polymeth- 
5 yiethyl silixane resins, polydimethyl silixane resins, polymethyl phenyl siloxane resins, polydiphenyl siloxane resins, 
polydiethyl siloxane resins, polyethylphenyl siloxane resins, and mixtures thereof. 

[0070] In the alkyi moiety portions of each of these polyorganosiloxane resins, there may be contained functional 
groups, such as alkyI groups, alkoxy groups, hydroxyl groups, amino groups, carboxyl groups, silanol groups, mercapto 
groups, epoxy groups, vinyl groups, aryloxy groups, polyoxy alkylene groups, hydrogen groups or halogens. In particular, 
10 there may preferably be contained alkyI groups, alkoxy groups, hydroxyl groups and vinyl groups. 

[0071] The polyorganosiloxane resins are of the average molecular weight not less than 100 and preferably in a range 
from 500 to 5000000, and may be in the form of oil, varnish, gum, powders or pellets. As for silica, it is preferably surface- 
processed with a silane coupling agent of hydrocarbon based compounds. 

[0072] The above-described known flame retarders are usually contained in an amount of 0.001 to 50 wt%, preferably 
'5 in an amount of 0.01 to 30 wt% and more preferably in an amount of 0.1 to 10 wt%, based on the weight of the resin to 
be rendered flame retardant, depending on the sort of the flame retarder, the level of flame retardant performance 
needed, and on the sort of the resin to be rendered flame retardant. 

[0073] The flame retardant resin composition, containing the aforementioned flame retarder, may also be added by, 
for example, known routine inorganic fillers, for improving mechanical strength or for further improving flame retardant 
20 properties. 

[0074] These known routine inorganicfillers may be enumerated by, forexample, crystalline silica, fused silica, alumina, 
magnesia, talc, mica, kaolin, clay, diatomaceous earth, calcium silicate, titanium oxide, glass fibers, calcium fluoride, 
calcium phosphate, barium phosphate, calcium phosphate, carbon fibers, carbon nano-tubes and potassium titanate 
fibers. Of these, one or more in the form of a mixture may be used. From among these inorganicfillers, talc, mica, carbon, 
25 glass or carbon nano-tubes may preferably be employed. 

[0075] The inorganic fillers are contained in an amount ranging from 0.1 to 90 wt%, preferably in an amount ranging 
from 0.5 to 50 wt% and more preferably in an amount ranging from 1 to 30 wt%, based on the weight of the flame 
retardant resin composition. 

[0076] If the content of the inorganic filler is less than 0.1 wt%, the flame retardant resin composition is lower in rigidity 
30 or deteriorated in its effect of improving the flame retardant properties. If, on the other hand, the content of the inorganic 
filler is higher than 90 wt%, there may be presented such deficiencies that the fused flame retardant resin composition 
becomes lower in fluidity or is deteriorated in mechanical strength at the time of injection molding of the flame retardant 
resin composition. 

[0077] Moreover, the flame retardant resin composition may be added by, for example, fluoro olefin resins, besides 
35 the aforementioned flame retardant, for the purpose of suppressing the dripping phenomenon atthe time of combustion. 
[0078] The fluoro olefin resins, capable of suppressing the dripping phenomenon, may be exemplified by difluoroeth- 
ylene polymers, tetrafluoroethylen polymers, tetrafluoroethylen- hexafluoropropylene copolymers and copolymers of 
tetrafluoroethylen and ethylenic monomers. These may be used either alone or in combination. 
[0079] Of these fluoro olefin resins, tetrafluoroethylene polymers are most preferred. The average molecular weight 
40 of the tetrafluoroethylene polymers is 50000 or more and preferably in a range from 100000 to 20000000. Meanwhile, 
the fluoro olefin resins exhibiting fibril-forming properties are most preferred. 

[0080] The content of the fluoro olefin resins is in a range from 0.001 to 5 wt%, preferably 0.005 to 2 wt% and more 
preferably 0.01 to 0.5 wt%, based on the weight of the flame retardant resin composition. 

[0081] If the content of the fluoro olefln resins becomes less than 0.001 wt%, it becomes difficult to suppress the 
45 dripping phenomenon. If conversely the content of the fluoro olefin resins becomes larger than 5 wt%, the effect in 
suppressing the dripping phenomenon is saturated, thus presenting inconveniences such as high cost or poor mechanical 
strength. 

[0082] Moreover, the flame retardant resin composition may be added by, forexample, an anti-oxidant (phenol-based, 
phosphorus-based or sulfur-based anti-oxidant), an anti-static agent, a UV absorber, a light stabilizer, a plasticizer, a 
50 compatibility promoting agent, a coloring agent (pigments or dyestuffs), a bactericidal agent, an anti-hydrolysis agent 
or a surface processing agent, in addition to the aforementioned flame retarder, for the purpose of improving injection 
moldability, shock-proofness, appearance, thermal resistance, weatherability and rigidity. 

[0083] In producing the above-described flame retardant resin composition, the flame retarder, resin to be made flame 
retardant, and the other additives, are dispersed substantially evenly in a kneading unit, such as a tumbler, a reblender, 
55 a mixer, an extruder or a co-kneader, and the resulting mass is molded to a preset shape by any suitable molding method, 
such as injection molding, injection compression molding, extrusion molding, blow molding, vacuum molding, press 
molding, foam molding or supercritical molding. 

[0084] The molded product, formed of the flame retardant resin composition, is used in many fields, as an enclosure 
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or a component part for e.g. domestic electrical utensil, cars, information equipment, business equipment, telephone 
sets, stationeries, furniture or fiber, which has been made flame retardant. 

[0085] Several preferred Examples for testifying to the merit of the present invention and several Comparative Exam- 
ples for comparison to the preferred Examples will now be described. 
5 [0086] First, several inventive samples and control samples of a flame retarder, to be contained in the preferred 
Examples and the Comparative Examples, were prepared. 

(Inventive Sample 1) 

10 [0087] In preparing the inventive sample 1 , 3g of an acrylonitrile-butadiene-styrene copolymer resin, as an acrylonitrile- 
styrene based polymer, made up by 39 mol % of acrylonitrile units, 50 mol % of styrene units and 1 1 mol % of butadiene 
units, and which was pulverized to a particle size not larger than 32 mesh, were introduced into a round-bottom flask, 
which was previously charged with 24 g of cyclohexane. The pulverulent resin, thus charged, was dispersed therein, to 
prepare a slurried polymer solution. Then, 7g of sulfuric anhydride were added to the polymer solution and agitated for 

15 one hour at ambient temperature by way of sulfonating the acrylonitrile- styrene based polymer. Then, residual gases 
in the flask were removed by air bubbling, and solid contents were taken out by a glass filter. The solid contents, thus 
obtained, were injected into water. After adjusting the pH to 7 with potassium hydroxide, the resulting sold contents were 
again filtered, using a glass filter, and dried in a vacuum drier (50°CX10 hours) to yield a brown flame retarder. In this 
manner, an acrylonitrile- styrene based polymer, having sulfonic acid groups introduced therein, could be prepared as 

20 a flame retarder. 

[0088] The flame retarder, thus prepared, was subjected to elementary analysis, using a combustion flask method. 
The sulfur content in the flame retarder prepared was 1 4 wt%. The flame retarder was also analyzed as to its ingredients, 
using a Fourier transform- infl-ared spectrophotometer (FT-IR). The result of the analysis indicated no characteristic 
absorption proper to amide or carboxyl groups. 

25 

(Inventive Sample 2) 

[0089] In preparing an inventive sample 2, a transparent reel material of a used-up cassette for business use, as an 
acrylonitrile- styrene based polymer, was crushed and pulverized into powders of the acrylonitrile- styrene based copol- 

30 ymer resin (acrylonitrile units: 44 mol%; styrene units: 56 mol%) capable of passing through a 83 mesh screen. 2g of 
the powdered material were charged into a round-bottom flask and stirred. As the powdered material was kept in an 
agitated state, an SO3 gas, emanated from 3g of fuming sulfuric acid, was blown at ambient temperature into the flask 
over four hours, by way of sulfonating the acrylonitrile- styrene based polymer. Air was then blown into the round-bottom 
flask to remove the residual SO3 gas from the inside thereof. Water was then added Into the flask and the pH value of 

35 the water was adjusted to 7 with sodium hydroxide. The solid content (reformed resin) was taken out by filtering through 
a glass filter and dried (vacuum driver: 50°CX10 hours) to yield a flame retarder in the form of white powders). That is, 
the inventive sample 2 is again an acrylonitrile- styrene based polymer into which were introduced sulfonic acid groups. 
[0090] The sulfur content in the flame retarder, thus obtained, was measured in the same way as in the aforementioned 
inventive sample 1 . The sulfur content was found to be 2.1 wt%. The elementary analysis of the flame retarder was 

40 carried out in the same way as in the inventive sample 1 . No characteristic absorption proper to the amide or carboxyl 
groups vras noticed. 

(Inventive Sample 3) 

45 [0091] In the inventive sample 2, flame retarder in the form of white powders could be prepared in the same way as 
in the above-described inventive sample 2, except setting the sulfonating time duration to ten minutes. The sulfur content 

in the flame retarder, thus obtained, was measured in the same way as in the aforementioned inventive sample 1 . The 
sulfur content was found to be 0.05 wt%. The elementary analysis of the flame retarder was carried out in the same way 
as in the inventive sample 1 . No characteristic absorption proper to the amide or carboxyl groups was noticed. Hence, 
50 the inventive sample 3 is again an acrylonitrile- styrene based polymer into which were introduced sulfonic acid groups. 

(Control Sample 1) 

[0092] In the control sample 1 , a flame retarder was prepared In the same way as in the aforementioned inventive 
55 sample 2, except using a polystyrene resin (molecular weight: 20000) in place of the acrylonitrile- styrene based polymer. 
That is, the control sample 1 differs from the inventive samples in that a sulfonic acid group has been introduced into 
the polystyrene resin. 

[0093] The sulfur content in the flame retarder, thus obtained, was measured in the same way as in the aforementioned 
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inventive sample 1 . The sulfur content was found to be 2.2 wt%. The elementary analysis of the flame retarder was 
carried out in the same way as in the inventive sample 1 . No characteristic absorption proper to the amide or carboxyl 
groups was noticed. 

5 (Control Sample 2) 

[0094] In the control sample 2, sodium polystyrene sulfonate (weight average molecular weight: 1 8000) was used as 
a flame retarder. The sulfur content in the flame retarder, thus obtained, was measured in the same way as in the 
aforementioned inventive sample 1 . The sulfur content was found to be 14 wt%. The elementary analysis of the flame 
10 retarder was then carried out in the same way as in the inventive sample 1 . No characteristic absorption proper to the 
amide or carboxyl groups was noticed. 

(Control Sample 3) 

15 [0095] In preparing the control sample 3, 96 wt% of concentrated sulfuric acid, as a sulfonating agent used for sul- 
fonation processing, was heated to 80°C. In this sulfonating agent, the same resin powders as those used in the inventive 
sample 2 were charged and reacted for one hour. After the end of the reaction, the solid content was recovered on 
filtering. In the second washing with water, the pH value was adjusted to 7 with sodium hydroxide. The solid content, 
obtained on filtering, was dried to give a flame retarder. The sulfur content in the flame retarder, thus obtained, was 

20 measured in the same way as in the aforementioned inventive sample 1 . The sulfur content was found to be 8 wt%. The 
elementary analysis of the flame retarder was carried out in the same way as in the inventive sample 2. The analysis 
indicated absorption characteristicof the amide groups or carboxyl groups. That is, the control sample 3 is an acrylonitrile- 
styrene polymer containing amide groups and carboxylic groups introduced in addition to the sulfonic acid groups. 
[0096] The flame retarders of the inventive samples and the control samples, obtained as described above, were 

25 introduced into a preset resin, which is to be made flame retardant, by way of preparing Examples and Comparative 
Examples. 

(Example 1) 

30 [0097] In an Example 1 , 99.8 parts by weight of a polycarbonate resin (bisphenol A), referred to below as PC, as a 
resin which is to be made flame retardant, 0.1 part by weight of the inventive sample 2, as a flame retarder, and 0.1 part 
by weight of polytetrafluoroethylene exhibiting flbril-forming properties, referred to below as PTFE, as an anti-drip agent, 
were mixed together to prepare a flame retardant resin precursor. This flame retardant resin precursor was supplied to 
an injection molding machine, kneaded ata preset temperature and pelletized. The pellets, thus prepared, were charged 

35 into an extruder to carry out injection molding at a preset temperature. In this manner, a strip-shaped test piece, 1 .5 mm 
in thickness, formed of a flame retardant resin composition, was prepared. 

(Example 2) 

40 [0098] In the Example 2, a strip-shaped test piece was prepared in the same way as in the above-described Example 
1 , except mixing 84.3 parts by weight of PC and 1 5 parts by weight of an acrylonitrile- butadiene- styrene copolymer 
resin (acrylonitrile/ butadiene/ styrene weight ratio = 24/20/56), referred to below as ABS resin, as resins to be made 
flame retardant, 0.1 part by weight of the inventive sample 1 , as a flame retarder, 0.5 part by weight of polymethyl phenyl 
siloxane, referred to below as SI, as a silicon based flame retarder, by way of another flame retarder, and 0.1 part by 

45 weight of PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 

(Example 3) 

[0099] In the Example 3, a strip-shaped test piece was prepared in the same way as in the above-described Example 
50 1 , except mixing 89.2 parts by weight of PC and 10 parts by weight of rubber-modified polystyrene (polybutadiene/ 
polystyrene weight ratio = 10/90), referred to below as a HIPS resin, 0.5 part by weight of the inventive sample 3, as a 
flame retarder, and 0.3 part by weight of PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 

(Example 4) 

55 

[0100] In the Example 4, a strip-shaped test piece was prepared in the same way as in the above-described Example 
1 , except mixing 89.5 parts by weight of PC and 1 0 parts by weight of an acrylonitrile- styrene copolymer resin (weight 
ratio acrylonitrile/ styrene = 25/75), referred to below as AS resin, as resins to be made flame retardant, 0.2 part by 
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weight of the inventive sample 1 , as a flame retarder, 0.1 part by weight of SI, as another flame retarder, and 0.2 part 
by weight of PTFE as an anti-drip agent, to prepare a flame retardant resin precursor. 

(Example 5) 

5 

[0101] In the Example 5, a strip-shaped test piece was prepared in the same way as in the above-described Example 
1 , except mixing 84 parts by weight of PC and 15 parts by weight of polyethylene terephthalate, referred to below as 
PET, as resins to be made flame retardant, 0.2 part by weight of the inventive sample 2, as a flame retarder, 0.5 part 
by weight of SI, as another flame retarder, and 0.3 part by weight of PTFE as an anti-drip agent, to prepare a flame 
10 retardant resin precursor. 

(Example 6) 

[0102] In the Example 6, a strip-shaped test piece was prepared in the same way as in the above-described Example 
15 1 , except mixing 48.8 parts by weight of PC and 50 parts by weight of polylactic acid, referred to below as PLA, as resins 
to be made flame retardant, 0.5 part by weight of the inventive sample 2, as a flame retarder, 0.5 part by weight of SI, 
as another flame retarder, and 0.2 part by weight of PTFE, as an anti-drip agent, to prepare a flame retardant resin 
precursor. 

20 (Comparative Example 1) 

[0103] In the Comparative Example 1, a strip-shaped test piece was prepared in the same way as in the above- 
described Example 1, except mixing 99.8 parts by weight of PC, as a resin to be made flame retardant, 0.1 part by 
weight of the control sample 1 , as a flame retardant, and 0.1 part by weight of PTFE, as an anti-drip agent, to prepare 
25 a flame retardant resin precursor. 

(Comparative Example 2) 

[0104] In the Comparative Example 2, a strip-shaped test piece was prepared in the same way as in the above- 
30 described Example 1, except mixing 99.8 parts by weight of PC, as a resin to be made flame retardant, 0.1 part by 
weight of the control sample 2, as a flame retarder, and 0.1 part by weight of PTFE, as an anti-drip agent, to prepare a 
flame retardant resin precursor. 

(Comparative Example 3) 

35 

[0105] In the Comparative Example 3, a strip-shaped test piece was prepared in the same way as in the above- 
described Example 1, except mixing 99.8 parts by weight of PC, as a resin to be made flame retardant, 0.1 part by 
weight of the control sample 3, as a flame retarder, and 0.1 part by weight of PTFE, as an anti-drip agent, to prepare a 
flame retardant resin precursor. 

40 

(Comparative Example 4) 

[0106] In the Comparative Example 4, a strip-shaped test piece was prepared in the same way as in the above- 
described Example 1 , except mixing 84.3 parts by weight of PC and 15 parts by weight of an ABS resin, as resins to be 
45 made flame retardant, 0.1 part by weight of the control sample 2, as a flame retarder, 0.5 part by weight of SI, as another 
flame retarder, and 0.1 part by weight of PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 

(Comparative Example 5) 

50 [0107] In the Comparative Example 5, a strip-shaped test piece was prepared in the same way as in the above- 
described Example 1, except mixing 89.2 parts by weight of PC and 10 parts by weight of the HIPS resin, as resins to 
be made flame retardant, 0.5 part by weight of the control sample 1 , as a flame retarder, and 0.3 part by weight of PTFE, 
as an anti-drip agent, to prepare a flame retardant resin precursor. 

55 (Comparative Example 6) 

[0108] In the Comparative Example 6, a strip-shaped test piece was prepared in the same way as in the above- 
described Example 1 , except mixing 89.5 parts by weight of PC and 10 parts by weight of an AS resin, as resins to be 
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made flame retardant, 0.2 part by weight of the control sample 3, as a flame retarder, 0.1 partby weight of SI, as another 
flame retarder, and 0.2 part by weight of PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 

(Comparative Example 7) 

[0109] In the Comparative Example 7, a strip-shaped test piece was prepared in the same way as in the above- 
described Example 1, except mixing 84 parts by weight of PC and 15 parts by weight of PET, as resins to be made 
flame retardant, 0.2 partby weight of the control sample 2, as a flame retarder, O.Spartby weight of SI, as another flame 
retarder, and 0.3 part by weight of PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 

(Comparative Example 8) 

[0110] In the Comparative Example 8, a strip-shaped test piece was prepared in the same way as in the above- 
described Example 1 , except mixing 48.8 parts by weight of PC and 50 parts by weight of PLA, as resins to be made 
flame retardant, 0.5 part by weight of the control sample 1 , as a flame retardant, 0.5 part by weight of SI, as another 
flame retarder, and 0.2 part by weight of PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 
[0111] The test on combustibility and the test on appearance were then carried out on the respective Examples and 
Comparative Examples. 

[0112] The tests on combustibility were conducted as perpendicular combustibility tests in accordance with V-0, V-1 
and V-2 prescriptions of UL 94 (Underwriters' Laboratory Subject 94). Specifically, five test pieces each of the Examples 
and the Comparative Examples were provided, and a burner flame was applied to each of the strip-shaped test pieces 
supported substantially upright. This state was maintained forten seconds and thereafterthe burnerflame was separated 
from the test pieces. When the flame was extinguished, the burnerflame was applied for further ten seconds, after which 
the burnerflame was separated from the test pieces. Decision was given at this time on the basis of the sum of the time 
duration of combustion with flame after the end of the first flame contact with the test pieces, the time duration of 
combustion with flame after the end of the second flame contact with the test pieces, the time duration of combustion 
with flame after the end of the second flame contact with the test pieces, and the time duration of combustion without 
flame after the end of the second flame contact with the test pieces, the sum of time durations of combustion with flame 
of the five test pieces, and the presence/ absence of the droppings of combustion. The V-0 prescription provides that 
combustion with flame shall come to a close within ten seconds for the first and second combustion events. The V-1 
and V-2 prescriptions provide that combustion with flame shall come to a close within 30 seconds for the first and second 
combustion events. The sum of the time duration of the second combustion with flame and the time duration of the 
second combustion without flame is less than 30 seconds for the V-0 prescription, while the same sum for the V-1 and 
V-2 prescriptions is less than 60 seconds. The sum of the time durations of combustion with flame of the five test pieces 
is less than 50 seconds for the V-0 prescription, while the same sum for the V-1 and V-2 prescriptions is less than 250 
seconds. The droppings of combustion are tolerated only for the V-2 prescription. That is, with the UL combustion test 
method (UL 94), the flame retardant properties become higher in the order of the V-0, V-1 and V-2. 
[01 13] Turning to the test on the appearance, the test pieces of the Examples and the Comparative Examples were 
exposed for 30 days in a constant temperature constant pressure vessel of 80°C atmosphere and 80% relative humidity, 

and the appearance of the test pieces was checked visually. The case without changes in color was indicated with D 

and the case with changes in color was indicated with x. 

[0114] The results of evaluation of the combustibility test and the appearance test of the Examples and the Comparative 
Examples are shown in the following Table 1 . 
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Table 1 





Resins to be made flame retardant (wt%) 


Flame retarder 


PC 


ABS 


HIPS 


AS 


PET 


PLA 


Sort 


Content 
(wt%) 


Ex.1 


99.8 


- 


- 


- 


- 


- 


Inv. Sp.2 


0.1 


Ex.2 


84.3 


15.0 


- 


- 


- 


- 


Inv. Sp.l 


0.1 


Ex.3 


89.2 


- 


10.0 


- 


- 


- 


Inv. Sp.3 


0.5 


Ex.4 


89.5 


- 


- 


10.0 


- 


- 


Inv. Sp.l 


0.2 


Ex.5 


84.0 


- 


- 


- 


15.0 


- 


Inv. Sp.2 


0.2 


Ex.6 


48.8 


- 


- 


- 


- 


50.0 


Inv. Sp.2 


0.5 


Comp. Ex.1 


99.8 












Ctl. Sp.l 


0.1 


Comp. Ex.2 


99.8 












Ctl. Sp.2 


0.1 


Comp. Ex.3 


99.8 












Ctl. Sp.3 


0.1 


Comp. Ex.4 


84.3 


15.0 










Ctl. Sp.2 


0.1 


Comp. Ex.5 


89.2 




10.0 








Ctl. Sp.l 


0.5 


Comp. Ex.6 


89.5 






10.0 






Ctl. Sp.3 


0.2 


Comp. Ex.7 


84.0 








15.0 




Ctl. Sp.2 


0.2 


Comp. Ex.8 


48.8 










50.0 


Ctl. Sp.l 


0.5 





Rame 
retarder (IS) 
(wt%) 


Anti-drip 
agent (wt%) 


Test on combustibility (UL94) 


Test on 
appearance after 
storage at high 
temperature 


Ex.1 




0.1 


V-0 prescription passed 


u 


Ex.2 


0.5 


0.1 


V-0 prescription passed 


u 


Ex.3 




0.3 


V-0 prescription passed 


u 


Ex.4 


0.1 


0.2 


V-0 prescription passed 


u 


Ex.5 


0.5 


0.3 


V-0 prescription passed 


u 


Ex.6 


0.5 


0.2 


V-i prescription passed 


u 


Comp. Ex.1 




0.1 


V-1 prescription/ not passed 


u 


Comp. Ex.2 




0.1 


V-1 prescription/ not passed 


u 


Comp. Ex.3 




0.1 


V-0 prescription passed 




Comp. Ex.4 


0.5 


0.1 


V-1 prescription/ not passed 


u 


Comp. Ex.5 




0.3 


V-1 prescription/ not passed 


u 


Comp. Ex.6 


0.1 


0.2 


V-0 prescription passed 




Comp. Ex.7 


0.5 


0.3 


V-1 prescription/ not passed 




Comp. Ex.8 


0.5 


0.2 


V-2 prescription/ not passed 


u 



[0115] It is seen from the results of evaluation of Table 1 that the Example 1 , containing acrylonitrile units in the flame 
retarder, is superior in flame retardant properties to the Comparative Examples 1 and 2 not containing acrylonitrile units 
In the flame retander. 

[0116] It Is also seen from the results of evaluation of Table 1 that, in case of the Comparative Example 3, In which 
amide or carboxyl groups, liable to take up water, are present in the flame retarder, the flame retardant resin composition 
Is susceptible to changes with lapse of time, on prolonged storage, such as changes In color, specifically, speckled 
points. Indicating water take-up by the polymer, to detract from the appearance, even though flame retardant properties 
may be afforded to some extent to the flame retardant resin composition,. 

[0117] It Is also seen from the results of evaluation of Table 1 that, as compared to the Comparative Examples 4 to 
8, containing control samples, not conforming to the present invention, as the flame retarder, the Examples 2 to 6, 
containing the inventive samples as the flame retarder, represent a flame retardant resin composition In which high 
flame retardant properties and good appearance are achieved simultaneously. 

[0118] It Is seen from above that, in preparing a flame retardant resin composition, use of an acrylonitrile- styrene 
based polymer, in which sulfonic acid groups have been introduced by sulfonating processing with a sulfonating agent 
with water content less than 3 wt%, as a flame retarder, is crucial in preparing the flame retardant resin composition on 
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which flame retardant properties have been conferred adequately such that deficiencies in appearance are not produced 
even on prolonged storage. 

[0119] A modified embodiment of the flame retarder according to the present invention and the flame retardant resin 
composition containing this flame retarder will now be explained. 
5 [0120] The flame retardant resin composition of the present embodiment is a resin material, used for example in 
household electrical appliances, cars, office utensil, stationeries, groceries, building materials or in fibers. The flame 
retarder is contained in a resin composition, which is to be made flame retardant, for conferring flame retardant properties 
on the composition. 

[0121] The flame retarder, contained in the flame retardant resin composition, is composed of an aromatic polymer, 

10 Into which preset amounts of sulfonic acid groups and/or sulfonate groups have been Introduced. The aromatic polymer 
contains 1 mol% to 1 00 mol% of monomer units, each having an aromatic skeleton, and has a weight average molecular 
weight ranging between 25000 and 10000000 Into which preset amounts of sulfonic acid groups and/or sulfonates have 
been Introduced. The aromatic skeleton of the aromatic polymer, contained in the flame retarder, may be contained in 
a side chain or In the main chain of the polymer. 

15 [0122] Specifically, the aromatic polymer, having the aromatic skeleton In Its side chain, may be enumerated by, for 
example, polystyrene (PS), high impact polystyrene (HIPS : styrene- butadiene copolymer), an acrylonltrlle- styrene 
copolymer (AS), an acrylonitrile-butadiene-styrene copolymer (ABS),an acrylonitrlle- chlorinated polyethylene- styrene 
resin (ACS), an acrylonitrile-styrene- acrylate copolymer (ASA), an acrylonitrlle- ethylene- propylene rubber-styrene 
copolymer (AES) and an acrylonitrlle- ethylene- propylene- diene- styrene resin (AEPDMS). These may be used either 

20 alone or in combination. 

[0123] The aromatic polymer, having an aromatic skeleton in its main chain, may be enumerated by, for example, a 
polycarbonate (PC), polyphenylene oxide (PPO), polyethylene terephthalate (PET), polybutylene terephthalate (PBT), 
and polysulfone (PSF). These may be used either alone or in combination. The aromatic polymer, having an aromatic 
skeleton In Its main chain, may also be used as a mixture (alloy) with e.g. other resln(s). Specifically, the alloy with the 

25 other resln(s) may be enumerated by an ABS/PC alloy, a PS/PC alloy, an AS/PC alloy, an HIPS/PC alloy, a PET/PC 
alloy, a PBT/PC alloy, a PVC/PC alloy, a PLA (poly-lactic acid)/ PC alloy, a PPO/ PC alloy, a PS/PPG alloy, an HIPS/PPO 
alloy, an ABS/PET alloy and a PET/PBT alloy. These may be used either alone or in combination. 
[0124] In the aromatic polymer, the content of the monomer units, having aromatic skeletons, is in a range from 1 
mol% to 100 mol%, preferably in a range from 30 mol % to 100 mol % and more preferably in a range from 40 mol % 

30 to 100 mol %. 

[0125] Ifthe content of the monomer units, having aromatic skeletons, islessthan 1 mol%, the flame retarder becomes 
difficult to disperse substantially evenly in the resin which should be made flame retardant, or the rate of the sulfonic 
acid groups or the sulfonate groups introduced into the aromatic polymer becomes lower. Hence, flame retardant prop- 
erties cannot be conferred appropriately on the flame retardant resin composition. 

35 [0126] Most typical of the aromatic skeletons, making up the aromatic polymer, are an aromatic hydrocarbon, an 
aromatic ester, an aromatic ether (phenols), an aromatic thioether (thiophenols), an aromatic amide, an aromatic Imlde, 
an aromatic amidlmlde, an aromatic ether Imlde, an aromatic sulfone and an aromatic ether sulfone. Of these, the 
aromatic ether sulfone Is most Illustrative, and may be exemplified by those having a ring structure, such as benzene, 
naphthalene, anthracene, phenathrene and coronene. Of these aromatic skeletons, a benzene ring structure or an 

40 alkylbenzene ring structure Is most common. 

[0127] Although not limitative, the monomer units, otherthan the aromatic skeleton, contained In the aromatic polymer, 
may be enumerated by, for example, acrylonitrlle, butadiene, Isoprene, pentadlene, cyclopentadlene, ethylene, propyl- 
ene, butene, Isobutylene, vinyl chloride, D-methylstyrene, vinyl toluene, vinyl naphthalene, acrylic acid, acrylate, meth- 
acrylic acid, methacrylate, malelcacid, fumaric acid and ethylene glycol, which may be used either alone or In combination. 
[0128] The weight average molecular weight of the aromatic polymer Is In a range between 25000 and 10000000, 
preferably In a range between 30000 and 1000000 and more preferably in a range between 50000 and 500000. 
[0129] Ifthe weight average molecularwelghtof the aromatic polymer deviates from 25000 and 10000000, It becomes 
difficult to disperse the flame retarder substantially evenly in the resin which should be made flame retardant, that is, 
compatibility of the polymerislowered, with the consequence thatflame retardant propertiescannot be properly conferred 
on the flame retardant resin composition. 

[0130] When the weight average molecular weight of the aromatic polymer is In the range between 25000 and 
10000000, the polymer is improved in compatibility with respect to the resin which is to be rendered flame retardant, 
and hence the polymer may be dispersed substantially evenly in the resin. Thus, flame retardant properties may be 
conferred substantially evenly and properly on the flame retardant resin composition. Meanwhile, the weight average 
molecular weight of the aromatic polymer may readily be obtained by measurement methods, such as methods of 
measurement of the photometric GPC (gel permeation chromatography), employing known molecular weight samples 
(standard products), measurement of the viscosity of the solution or measurement of light scattering. 
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[0131] As the aromatic polymer, used-up redeemed materials or scraps from the plant may be used. That is, low cost 
may be arrived at through use of a redeemed material as a feedstock material. 

[0132] The sulfonic acid groups and/or sulfonate groups may be introduced in a presetamount into the above-described 
aromatic polymer to give a flame retarder contained in the resin which is to be rendered flame retardant, whereby high 
5 flame retardant properties may be conferred on the resin. The method for introducing the sulfonic acid groups and/or 
sulfonate groups into the aromatic polymer may be exemplified by a method of sulfonating the aromatic polymer with a 
sulfonating agent. 

[0133] The sulfonating agent, used for sulfonating the aromatic polymer, is preferably such agent containing less than 
3 wt% of moisture. Specifically, the sulfonating agent is one or more selected from the group consisting of sulfuric 
10 anhydride, fuming sulfuric acid, chlorosulfonic acid and polyalkylbenzene sulfonic acid. The sulfonating agents used 
may also be complexes with a Lewis base of, for example, an alkyi phosphate or dioxane. 

[0134] If concentrated sulfuric acid, with the watercontent of 96 wt%, is used as a sulfonating agent, the cyano groups 
in the polymer are hydrolyzed and converted to amide or carboxylic groups, having a high hygroscopic effect, at the 
time of sulfonating processing of the aromatic polymer for preparation of the flame retarder. Hence, the flame retarder 

15 containing these amide or carboxylic groups is prepared. If the flame retarder, containing larger quantities of the amide 
or carboxylic groups, is used, high flame retardant properties may be conferred on the flame retardant resin composition. 
There is however a fear that the moisture may be taken up from outside with lapse of time, so that the flame retardant 
resin composition may be discolored to detract from the appearance. Or, the flame retardant resin composition is dete- 
riorated in physical properties. Specifically, the polystyrene sulfonate flame retarder, proposed in JP Laid-Open Patent 

20 Publication 2001 -2941 , belongs to this sort of the flame retarder. 

[0135] In light of the above, a method consisting in adding a preset quantity of a sulfonating agent to a solution of an 
aromatic polymer in an organic solvent (chlorine-based solvent) to carry out reaction, may be mentioned as another 
method of sulfonating the aromatic polymer. There is also a method consisting in adding a preset amount of a preset 
sulfonating agent to a solution obtained on dispersing a pulverulent aromatic polymer in, for example an organic solvent, 

25 with the polymer not being dissolved in the solvent, in order to carry out reaction. There are furthermore a method 
consisting in directly charging an aromatic polymer in a sulfonating agent to carry out reaction, and a method consisting 
in directly spraying a sulfonating gas, specifically a gas of sulfuric anhydride (SO3), to the pulverulent aromatic polymer 
to carry out reaction. Of these, the method consisting in directly spraying the sulfonating gas to the pulverulent aromatic 
polymer without using organic solvents is most preferred. 

30 [0136] Into the acrylonitrile- styrene based polymer, the sulfonic acid groups (-SO3H) or the sulfonate groups are 
introduced either directly or as these groups have been neutralized with ammonia or amine compounds. Specified 
examples of the sulfonate groups include Na, K, Li, Ca, Mg, Al, Zn, Sb and Sn salt groups of sulfonic acid. 
[0137] It is noted that higher flame retardant properties may be conferred on the flame retardant resin composition 
when sulfonate groups, rather than the sulfonic acid groups, are introduced into the aromatic polymer. Of the sulfonate 

35 groups, the Na, K, and Ca salt groups are preferred. 

[0138] The rate of the sulfonic acid groups and/or the sulfonate groups introduced into the aromatic polymer may be 
adjusted by the amount of addition of the sulfonating agent, the time of reaction of the sulfonating agent, reaction 
temperature or the kind as well as the amount of the Lewis bases. Of these, the amount of addition of the sulfonating 
agent, the time of reaction of the sulfonating agent and the reaction temperature are most preferred to use for adjustment. 

40 [0139] Specifically, the rate of the sulfonicacid groupsand/orthe sulfonate groups introduced into the aromatic polymer 
as sulfur contents is 0.001 vA% to 20 wt%, preferably 0.01 wt% to 10 wt% and more preferably 0.1 wt% to 5 wt%. 
[0140] In case the rate of the sulfonic acid groups and/or the sulfonate groups introduced into the aromatic polymer 
as sulfur contents is lower than 0.001 wt%, the flame retardant components are decreased, and hence it becomes 
difficult to confer flame retardant properties on the flame retardant resin composition. If conversely the rate of the sulfonic 

45 acid groups and/or the sulfonate groups introduced into the aromatic polymer as sulfur contents is more than 20 wt%, 
the flame retardant resin composition is susceptible to changes with lapse of time (absorption of water), or the blooming 
time during combustion tends to be prolonged. 

[0141] The rate of the sulfonic acid groups and/or the sulfonate groups introduced into the aromatic polymer may 
readily be determined by quantitative analysis, by e.g. a combustion flask method, of the sulfur (S) contents in the 

50 sulfonated aromatic polymer, as an example. 

[0142] The resin to be rendered flame retardant, that is, the resin which proves a feedstock material of the resin 
composition on which flame retardant properties are to be conferred by the above-described flame retarder contained 
therein, that is, the flame retardant resin composition, may be enumerated by, for example, polycarbonate (PC), an 
acrylonitrile- butadiene- styrene copolymer (AB 8), polystyrene (PS), an acrylonitrile- styrene copolymer (AS), polyvinyl 

55 chloride (PVC), polyphenylene oxide (PPO), polyethylene terephthalate (PET), polyethylene butylate (PBT), polysulfone 
(PSF), thermoplastic elastomer (TPE), polybutadiene (PB), polyisoprene (PI), nitrile rubber (acrylonitrile-butadiene rub- 
ber), nylon and poly-lactic acid (PLA). These may be used either alone or in combination. 

[0143] The resins to be most effectively rendered flame retardant by containing the aforementioned flame retarder 
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may be enumerated by, for example, PC, ABS, (HI)PS, AS, PRO, PBT, PET, PVC, PLA, ABS/PC alloy, PS/PC alloy, 
AS/PC alloy, HIPS/PC alloy, PET/PC alloy, PBT/PC alloy, PVC/PC alloy, PLA (poly-lactic acid)/ PC alloy, PPO/PC alloy, 
PS/PPO alloy, HIPS/PPO alloy, ABS/PET alloy and PET/PBT alloy. These may be used either alone or in combination. 
[0144] Since the flame retarder used is an aromatic polymer having a weight average molecular weight ranging 
between 25000 and 10000000, and containing sulfonic acid groups and/or sulfonate groups, introduced therein, it is 
possible to proliferate the sorts of the resins which are to be made flame retardant. 

[0145] As the resins to be rendered flame retardant, used-up redeemed materials or scraps from the plant may be 
used. That is, low cost may be arrived at through use of a redeemed material as a feedstock material. 
[0146] In the above-described flame retardant resin composition, in which the aromatic polymer, having the weight 
average molecular weight is in a range from 25000 to 10000000, and containing a preset amount of sulfonic acid groups 
and/or sulfonate groups, introduced therein, is used as a flame retarder, the flame retarder may be improved in com- 
patibility with respect to the resin to be rendered flame retardant, so that flame retardant properties may properly be 
conferred on the resin. 

[0147] Moreover, the flame retarder, contained in the flame retardant resin composition, is obtained by sulfonating 
the aromatic polymer, having the weight average molecular weight in a range from 25000 to 1 0000000, with a sulfonating 
agent, having the water content less than 3 wt%, so that amide or carboxylic groups, having a high hygroscopic effect, 
may be suppressed from being introduced into the flame retarder. Hence, there is only little possibility of the flame 
retarder taking up the moisture in atmospheric air during prolonged storage becoming discolored to detract from ap- 
pearance, or the flame retarder being lowered In mechanical strength. 

[0148] In the present flame retardant resin composition, the content of the flame retarder is in a range from 0.0001 
wt% to 30 wt%, preferably in a range from 0.001 wt% to 10 wt.% and more preferably in a range from 0.01 to 5 wt%. 
[0149] In case the content of the flame retarder is less than 0.0001 wt%, it becomes difficult to confer flame retardant 
properties on the flame retardant resin composition. If, on the other hand, the content of the flame retarder is more than 
30 wt%, a reverse effect is presented, that is, the resin composition to be rendered flame retardant is more susceptible 
to combustion. 

[0150] That is, the present flame retarder is to be added in a minor quantity to the resin, which is to be rendered flame 
retardant, to yield a flame retardant resin composition on which the flame retardant properties have been conferred 
effectively. 

[0151] In the flame retardant resin composition, described above, known flame retarders, for example, may be admixed, 
in addition to the aforementioned flame retarders, for further improving the flame retardant properties. 
[0152] These known flame retarders may be enumerated by, for example, organic phosphate or phosphite based 
flame retarders, halogenated phosphate based flame retarders, Inorganic phosphorus based flame retarders, halogen- 
ated bisphenol based flame retarders, halogen compound based flame retarders, antimony based flame retarders, 
nitrogen based flame retarders, boron based flame retarders, metal salt based flame retarders, inorganic flame retarders 
and silicon based flame retarders. These may be used either alone or in combination. 

[0153] Specifically, the organic phosphate or phosphite based flame retarders may be enumerated by, for example, 
triphenyl phosphate, methyl neobenzyl phosphate, pentaerythritol diethyl diphosphate, methyl neopentyl phosphate, 
phenyl neopentyl phosphate, pentaerythritol diphenyl phosphate, dicyclopentyl hypodiphosphate, dineopentyl hypo- 
phosphite, phenyl pyrocatechol phosphite, ethyl pyrocatechol phosphate and dipyrocatechol hypodiphosphate. These 

may be used either alone or in combination. 

[0154] The halogenated phosphate based fiame retarders may be enumerated by, for example, tris(D-chloroethyl) 

phosphate, tris(dichloropropyl) phosphate, tris(D-bromoethyl) phosphate, tris(dibromopropyl) phosphate, tris(chloropro- 
pyl) phosphate, trls(dlbromophenyl) phosphate, trls(trlbromophenyl) phosphate, trls(trlbromoneopentyl) phosphate, con- 
densed polyphosphate and condensed polyphosphonate. These may be used either alone or in combination. 
[0155] The inorganic phosphorus based flame retarders may be exemplified by red phosphorus and inorganic phos- 
phates, which may be used either alone or in combination. 

[0156] The halogenated bisphenol based flame retarders may be exemplified by tetrabromo bisphenol A, oligomers 
thereof, and bis(bromoethylether) tetrabromo bisphenol A, which may be used either alone or in combinafion. 
[0157] The halogen compound based fiame retarders may be enumerated by, for example, decabromo diphenylether, 
hexabromobenzene, hexabromo cyclododecane, tetrabromo phthalic anhydride, (tetrabromobisphenol) epoxy oligom- 
ers, hexabromo biphenylether, tribromophenol, dibromocresyl glycidyl ether, decabromo diphenyl oxides, halogenated 
polycarbonates, halogenated polycarbonate copolymers, halogenated polystyrene, halogenated polyolefin, chlorinated 
paraffin and perchloro cyclodecane, which may be used either alone or in combination. 

[0158] The antimony based fiame retarders may be enumerated by, for example, antimony trioxide, antimony tetroxide, 

antimony pentoxide and sodium antimonate. These may be used either alone or in combination. 

[0159] The nitrogen-based fiame retarders may be enumerated by, for example, melamine, alkyi group or aromatic 
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group substituted melamine, melamine cyanurate, melamine isocyanurate, melamine phosphate, triazine, guanidine 
compounds, urea, various cyanuric acid derivatives, and phosphasene compounds. These may be used either alone 
or in combination. 

[0160] The boron based flame retarders may be enumerated by, for example, zinc borate, zinc metaborate and barium 
5 metaborate. These may be used either alone or in combination. 

[0161] The metal salt based flame retarders may be enumerated by, for example, alkyi metal salts or alkyi earth metal 
salts of perfluoroalkanesulfonicacids,alkylbenzenesulfonicacids, halogenatedalkylbenzenesulfonicacids,alkylsulfonic 
acids and naphthalene sulfonic acid. These may be used either alone or in combination. 

[0162] The inorganicflame retarders may be enumerated by, forexample, magnesium hydroxide, aluminum hydroxide, 
10 barium hydroxide, calcium hydroxide, dolomite, hydrotalcite, basic magnesium carbonates, zirconium hydroxide and 
hydrates of inorganic metal compounds, such as hydrates of tin oxide, metal oxides, such as aluminum oxide, iron oxide, 
titanium oxide, manganese oxide, magnesium oxide, zirconium oxide, zinc oxide, molybdenum oxide, cobalt oxide, 
bismuth oxide, chromium oxide, tin oxide, nickel oxide, copper oxide and tungsten oxide, powders of metals, such as 
aluminum, iron, copper, nickel, titanium, manganese, tin, zinc, molybdenum, cobalt, bismuth, chromium, tungsten and 
15 antimony, and carbonates, such as zinc carbonates, magnesium carbonate, calcium carbonate and barium carbonate. 
These may be used either alone or in combination. 

[0163] Of the inorganic flame retarders, magnesium hydroxide, aluminum hydroxide, talc, which is a hydrated mag- 
nesium silicate, basic magnesium carbonate, mica, hydrotalcite, and aluminum are preferred from the perspective of 
flame retardant properties and from economic considerations. Meanwhile, used-up redeemed materials or scraps from 

20 the plant may be used as the inorganic flame retarders. 

[0164] The silicon-based flame retarders may be exemplified by, for example, polyorganoslloxane resins (silicone or 
organic silicates) and silica, which may be used either alone or as a mixture. The polyorganoslloxane resins may be 
enumerated by, for example, polymethylethyl siloxane resin, polydimethyl siloxane resin, polymethyl phenyl siloxane 
resin, polydiphenyl siloxane resin, polydiethyl siloxane resin, polyethyl phenyl siloxane resin and mixtures thereof. 

25 [0165] The alkyi moiety portions of these polyorganoslloxane resins may contain functional groups, for example, an 
alkyi group, an alkoxy group, a hydroxy group, an amino group, a carboxyl group, a silanol group, a mercapto group, 
an epoxy group, a vinyl group, an aryloxy group, a polyoxyalkylene group, a hydroxy group or halogens. Of these, the 
alkyi group, alkoxy group, hydroxy group and the vinyl groups are most preferred. 

[0166] The polyorganoslloxane resins are of the average molecular weight not less than 100, preferably in a range 
30 from 500 to 5000000, and are in the form of oil, varnish, gum or pellets. As for silica, it is desirably surface-processed 
with a silane coupling agent of a hydrocarbon compound. 

[0167] The content of the known common flame retarders, given hereinabove, is usually in a range from 0.001 wt% 
to 50 Vi^t%, preferably in a range fi-om 0.01 wt% to 30 wt% and more preferably in a range from 0.1 wt% to 10 wt%, 
referred to the resin to be rendered flame retardant, depending on the sort of the flame retarder, the level of flame 

35 retardant properties or on the sort of the resin to be rendered flame retardant. 

[0168] In the flame retardant resin composition, known routine inorganic fillers may be mixed, in addition to the above- 
mentioned flame retarders, for improving mechanical strength or for further improving flame retardant properties. 
[0169] Among the known inorganic fillers, there are, for example, crystalline silica, fused silica, alumina, magnesia, 
talc, mica, kaolin, clay, diatomaceous earth, calcium silicate, titanium silicate, fitanium oxide, glassfibers, calcium fluoride, 

40 calcium sulfate, barium sulfate, calcium phosphate, carbon fibers, carbon nanotubes and potassium titanate flbers. 
These may be used either alone or as a mixture. Of these inorganic fillers, talc, mica, carbon, glass and carbon nanotubes 
are most preferred. 

[0170] The inorganic fillers are contained in the flame retardant resin composition In an amount in a range from 0.1 
wt% to 90 v\rt%, preferably in a range from 0.5 wt% to 50 wt% and more preferably in a range from 1 wt% to 30 wt%. 

45 [0171] If the content of the inorganic filler is less than 0.1 wt%, the effect of improving the toughness or the flame 
retardant properties of the flame retardant resin composition is lowered. If conversely the content of the inorganic fliler 
is higher than 90 wt%, such inconveniences may arise that, in injection molding the flame retardant resin composifion, 
the flame retardant resin composition in a molten state is lowered in fluidity or in mechanical strength. 
[0172] Furthermore, in the flame retardant resin composition, fluoro olefin resins, for example, may be mixed, in 

50 addifion to the above-menfioned fiame retarders, for suppressing the dripping phenomenon at the fime of the combusfion. 
[0173] Among the fiuoro olefin resins, capable of suppressing the dripping phenomenon, there are, for example, a 
difluoroethylene polymer, a tetrafiuoroethylene polymer, a tetrafiuoroethylene-hexafluoropropylene copolymer and a 
copolymer of tetrafiuoroethylene with an ethylene monomer. These may be used either alone or in combinafion. 
[0174] Of these fiuoro olefin resins, tetrafiuoroethylene polymers are most preferred. The average molecular weight 

55 of the tetrafiuoroethylene polymers is not less than 50000 and preferably in a range from 1 00000 to 20000000. Meanwhile, 
the fiuoro olefin resins, exhibiting fibril forming properties, are more preferred. 

[0175] The fluoro olefin resins are contained in a range from 0.001 wt% to 5 vA%, preferably in a range fl-om 0.005 
v\rt% to 2 v\rt% and more preferably in a range from 0.01 vA.% to 0.5 v\rt%. 



16 



EP 1 728 823 A1 



[0176] If the content of the fluoro olefin resins is less than 0.001 wt%, it becomes difficult to suppress the dripping 
phenomenon. If conversely the content of the fluoro olefin resins is more than 5 wt%, the effect in suppressing the 
dripping phenomenon becomes saturated, so that there may arise such inconveniences that the cost is elevated or the 
mechanical strength is lowered. 

5 [0177] In the flame retardant resin composition, there may be added, in addition to the above-mentioned flame re- 
tardants, anti-oxidants (phenolic, phosphorus based or sulfur based anti-oxidants), anti-static agents, UV absorbers, 
photo-stabilizers, plasticizers, compatibility promoting agents, colorants (pigments or dyestuffs), bactericidal agents, 
hydrolysis inhibiting agents or surface processing agents for improving injection molding properties, shock-proofing 
properties, appearance, thermal resistance, weatherability or toughness. 

10 [0178] In preparing the above-mentioned flame retardant resin composition, a flame retarder, a resin to be rendered 
flame retardant, and other additives, are dispersed substantially evenly in a kneader, such as a tumbler, a reblender, a 
mixer, an extruder or a co-kneader. The resulting product is molded by molding methods, such as injection molding, 
injection compression molding, extrusion molding, blow molding, vacuum molding, press molding, foam molding or 
supercritical molding to mold the composition in a preset shape. 

15 [0179] The molded product, formed of the flame retardant resin composition, is used in various fields as enclosures 
or component parts of various products exhibiting flame retardant properties, such as household electrical appliances, 
cars, information equipment, office utensils, telephone sets, stationeries, fumiture or fibers. 

[0180] The present invention will now be described with reference to Examples and Comparative Examples for com- 
parison to the Examples. 

20 [0181] First, inventive samples and control samples of fiame retarders, contained in the Examples and Comparative 
Examples, were prepared. 

(Inventive Sample 4) 

25 [0182] In preparing the inventive sample 4, 2 6 g of a styrene homopolymer, with a weight average molecular weight 
of 250000, as measured with photometric GPC, as an aromatic polymer, were charged into a round-bottomed flask, into 
which were previously charged 23.4 g of 1 ,2- dicycloethane. The reaction system was dissolved by heating to 50°C to 
prepare a polymer solution. A liquid mixture of 0.5 g of 98 % sulfuric acid and 0.6 g of acetic anhydride was dripped over 
ten minutes on the polymer solution. After the end of the dripping, the resulting mass was cured for four hours, byway 

30 of sulfonating the aromatic polymer. The reaction liquid was poured into boiling pure water to remove the solvent to yield 
a solid substance. This solid substance was rinsed thrice with lukewarm pure water and dried under reduced pressure 
to yield a dried solid substance. 

[0183] The solid substance obtained was put to elementary analysis by a combustion fiask method. The sulfur content 
in the so obtained flame retarder was found to be 3.9 wt%, that is, the rate of sulfonic acid inti-oduced was 1 4 mol%. 
35 [0184] The dried solid substance was neutralized with potassium hydroxide and again dried to prepare a flame retarder. 
That is, the inventive sample 4 is an aromatic polymer with a weight average molecular weight of 250000 into which 
were introduced sulfonate groups. 

(Inventive Sample 5) 

40 

[0185] In preparing the inventive sample 5, a used transparent window material of an 8mm cassette, as an aromatic 
polymer, was pulverized to form powders with 83 mesh pass size. 3 g of the powdered material, which is formed of an 
acrylonitrile-styrene copolymer resin (acrylonitrile unit: 43 mol%; styrene unit: 57 mol%), with a weight average molecular 
weight of 1 20000, as measured with photometric GPC, v^as charged into a round-bottomed flask. An SO3 gas, evolved 

45 from 4g of fuming sulfuric acid, was blown at room temperature over four hours into the powdered material, which was 
kept in an agitated state, by vray of sulfonating the aromatic polymer. Air was then sent into the flask to remove residual 
SO3 gas from the round-bottomed flask. The solid substance was washed thrice with water and subsequently dried. 
[0186] The solid substance obtained was put to elementary analysis by a combustion flask method. The sulfur content 
in the so obtained flame retarder was found to be 2.1 wt%, that is, the rate of sulfonic acid introduced was 9.4 mol%. 

50 [0187] The dried solid substance was then neut-alized with sodium hydroxide and again dried to yield a flame retarder. 
That is, the inventive sample 5 is formed of an aromatic polymer, with a weight average molecular weight of 1 20000, 
into which were introduced sulfonate groups. 

(Inventive Sample 6) 

55 

[0188] In the inventive sample 6, sodium polystyrene sulfonate, with a weight average molecular weight of 70000 
(sulfur content: 14.1 wt%) us used as a flame retarder. 
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(Inventive Sample 7) 

[0189] In the inventive sample 7, sodium polystyrene sulfonate, with a weight average molecular weight of 500000 
(sulfur content of 1 3.9 wt%) was used as a flame retarder. 

5 

(Inventive Sample 8) 

[01 90] In the Inventive sample 8, a flame retarder, formed of a white solid substance, was prepared In the same way 
as In the above Inventive sample 5, except using powdered polycarbonate, obtained on pulverizing a redeemed MD 
10 disc from the plant, to 83 mesh pass size, as an aromatic polymer. The polycarbonate was of the weight averaged 
molecular weight of 31 000, as measured with photometric GPC. That is, the inventive sample 8 is the aromatic polymer, 
with a weight averaged molecular weight of 31 000, into which were introduced sulfonate groups. The sulfur content in 
the flame retarder, thus prepared, was measured in the same way as in the inventive sample 4. The sulfur content was 
found to be 0.31 wt%. 

15 

(Inventive Sample 9) 

[0191] In the inventive sample 9, a flame retarder, as a brown sold substance, was prepared in the same way as in 
the inventive sample 5, except using powdered poly(2, 6-dimethyl-p-phenylene oxide), in the powdered form, as an 
20 aromatic polymer, with a weight average molecular weight of 50000, as measured with photometric GPC. That is, the 
inventive sample 9 is an aromatic polymer, with a weight average molecular weight of 50000, into which were introduced 
sulfonate groups. The sulfur content in the flame retarder, thus prepared, was measured in the same way as in the 
inventive sample 4. The sulfur content was found to be 2.3 wt%. 

25 (Control Sample 4) 

[0192] In the control sample 4, a flame retarder was obtained in the same way as in the above inventive sample 4, 
except using polystyrene with the weight average molecular weight of 9000 as an aromatic polymer. That is, the control 
sample 4 is the aromatic polymer, with the weight average molecularweight of 9000, into which were introduced sulfonate 
3D groups. The sulfur content in the flame retarder, thus prepared, was measured in the same way as in the inventive 
sample 4. The sulfur content was found to be 4.1 wt%. 

(Control Sample 5) 

35 [0193] In the control sample 5, a flame retarder was obtained In the same way as In the above Inventive sample 5, 
except using polystyrene with the weight average molecular weight of 20000 as an aromatic polymer. That is, the control 
sample 4 is the aromatic polymer, with the weight average molecular weight of 20000, into which were introduced 
sulfonate groups. The sulfur content in the flame retarder, thus prepared, was measured in the same way as in the 
Inventive sample 4. The sulfur content was found to be 2.0 wt%. 

40 

(Control Sample 6) 

[0194] In the control sample 6, sodium polystyrene sulfonate with the weight average molecularweight of 18000 (sulfur 
content: 1 4 v\/t%) was used as a flame retarder. 
45 [0195] The inventive samples 4 to 9 and the control samples 4 to 6, obtained as described above, that is, flame 
retarders, were introduced into preset resin which is to be made flame retardant, to prepare Examples and Comparative 
Examples. 

(Example 7) 

50 

[0196] In the Example 7, 99.8 parts by weight of a bisphenol A polycarbonate resin, referred to below as PC, as a 
resin to be made flame retardant, 0.1 part by weight of the inventive sample 4, as a flame retarder, and 0.1 part by weight 
of fibril-forming polytetrafluoroethylene, referred to below as PTFE, as an anti-drip agent, were mixed together to form 
a flame retardant resin precursor. This flame retardant resin precursor was supplied to an injection molding apparatus 
55 and injection molded at a preset temperature to form a strip-shaped test piece, 1 .5 mm in thickness, formed of the flame 
retardant resin composition. 
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(Example 8) 

[0197] In the Example 8, a strip-shaped test piece was prepared in the same way as in Example 1 , except mixing 99.8 
parts by weight of PC, as a resin to be made flame retardant, 0.1 part by weight of the inventive sample 5, as a flame 
5 retarder, and 0.1 part by weight of PTFE, as an anti-drip agent, to form a flame retardant resin precursor. 

(Example 9) 

[0198] In the Example 9, a strip-shaped test piece was prepared in the same way as in Example 7, except mixing 99.4 
10 parts by weight of PC, as a resin to be made flame retardant, 0.5 part by weight of the inventive sample 6, as a flame 
retarder, and 0.1 part by weight of PTFE, as an anti-drip agent, to form a flame retardant resin precursor. 

(Example 10) 

15 [0199] In the Example 10, a strip-shaped test piece was prepared in the same way as in Example 7, except mixing 
99.4 parts by weight of PC, as a resin to be made flame retardant, 0.5 part by weight of the inventive sample 7, as a 
flame retarder, and 0.1 part by weight of PTFE, as an anti-drip agent, to form a flame retardant resin precursor. 

(Example 1 1 ) 

20 

[0200] In the Example 1 1 , a strip-shaped test piece was prepared in the same way as in Example 7, except mixing 
99.85 parts by weight of PC, as a resin to be made flame retardant, 0.05 part by weight of the inventive sample 8, as a 
flame retarder, and 0.1 part by weight of PTFE, as an anti-drip agent, to form a flame retardant resin precursor. 

25 (Example 12) 

[0201] In the Example 12, a strip-shaped test piece was prepared in the same way as in Example 7, except mixing 
84 parts by weightof PCand 15par1sby weightofanacrylonitrile-butadiene-styrene copolymer resin, referred to below 
as ABS resin (weight ratio of acrylonitrile/ polybutadiene/ styrene = 24/20/56), as resins to be made flame retardant, 0.4 
3D part by weightof the inventive sample 5, as a flame retarder, 0.4 partby weightof polymethyl phenyl siloxane, which is 
a silicon-based flame retarder, referred to below as SI, as another flame retarder, and 0.2 part by weight of PTFE, as 
an anti-drip agent, to prepare a flame retardant resin precursor. 

(Example 13) 

35 

[0202] In the Example 13, a strip-shaped test piece was prepared in the same way as in Example 7, except mixing 
89 parts by weight of PC and 10 parts by weight of a rubber-modified polystyrene, referred to below as HIPS resin 
(weight ratio of polybutadiene/ styrene = 10/90), as resins to be made flame retardant, 0.5 part by weight of the inventive 
sample 5, as a flame retarder, 0.3 part by weight of SI, as another flame retarder, and 0.2 part by weight of PTFE, as 
40 an anti-drip agent, to prepare a flame retardant resin precursor. 

(Example 14) 

[0203] In the Example 13, a strip-shaped test piece was prepared in the same way as in Example 7, except mixing 
45 84 parts by weight of PC and 15 parts by weight of polyethylene terephthalate, referred to below as PET, as resins to 
be made flame retardant, 0.4 part by weight of the inventive sample 4, as a flame retarder, 0.4 part by weight of SI, as 
anotherflame retarder, and 0.2 part by weight of PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 

(Example 15) 

50 

[0204] In the Example 15, a strip-shaped test piece was prepared in the same way as in Example 7, except mixing 
49 parts by weight of PC and 50 parts by weight of poly-lactic acid, referred to below as PLA, as resins to be made flame 
retardant, 0.3 part by weight of the inventive sample 8, as a flame retarder, 0.4 part by weight of SI, as another flame 
retarder, and 0.3 part by weight of PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 

55 

(Example 16) 

[0205] In the Example 16, a strip-shaped test piece was prepared in the same way as in Example 7, except mixing 
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89 parts by weight of PC and 10 parts by weight of the HIPS resin, as resins to be made flame retardant, 0.3 part by 
weight of the inventive sample 9, as a flame retarder, 0.4 part by weight of SI, as another flame retarder, and 0.3 part 
by weight of PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 

5 (Comparative Example 9) 

[0206] In the Comparative Example 9, a strip-shaped test piece was prepared in the same way as in Example 7, 
except mixing 99.8 parts by weight of PC, as a resin to be made flame retardant, 0.1 part by weight of the control sample 
4, as a flame retarder, and 0. 1 part by weight of PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 

10 

(Comparative Example 10) 

[0207] In the Comparative Example 10, a strip-shaped test piece was prepared in the same way as in Example 7, 
except mixing 99.8 parts by weight of PC, as a resin to be made flame retardant, 0.1 part by weight of the control sample 
15 2, as a flame retarder, and 0.1 part by weight of PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 

(Comparative Example 11) 

[0208] In the Comparative Example 11, a strip-shaped test piece was prepared in the same way as in Example 1, 
20 except mixing 99.4 parts by weight of PC, as a resin to be made flame retardant, 0.5 part by weight of the control sample 
6, as a flame retarder, and 0. 1 part by weight of PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 

(Comparative Example 12) 

25 [0209] In the Comparative Example 12, a strip-shaped test piece was prepared in the same way as in Example 7, 
except mixing 84 parts by weight of PC and 15 parts by weight of an ABS resin, as resins to be made flame retardant, 
0.4 part by weight of the control sample 1, as a flame retarder, 0.4 part by weight of SI, as another flame retarder, and 
0.2 part by weight of PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 

3D (Comparative Example 13) 

[0210] In the Comparative Example 13, a strip-shaped test piece was prepared in the same way as in Example 7, 
except mixing 89 parts by weight of PC and 10 parts by weight of a HIPS resin, as resins to be made flame retardant, 
0.5 part by weight of the control sample 2, as a flame retarder, 0.3 part by weight of SI, as another flame retarder, and 
35 0.2 part by weight of PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 

(Comparative Example 14) 

[0211] In the Comparative Example 14, a strip-shaped test piece was prepared in the same way as in Example 7, 
40 except mixing 84 parts by weight of PC and 15 parts by weight of PET, as resins to be made flame retardant, 0.4 part 
by weight of the control sample 3, as a flame retarder, 0.4 part by weight of SI, as another flame retarder, and 0.2 part 
by weight of PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 

[0212] Then, tests on combustibility were conducted on the Examples and the Comparative Examples thus obtained. 
[0213] The tests on combustibility were conducted as perpendicular combustibility tests in accordance with V-0, V-1 

45 and V-2 prescriptions of UL 94 (Underwriters' Laboratory Subject 94). Speciflcally, five test pieces each of the Examples 
and the Comparative Examples were provided, and a burner flame was applied to each of the strip-shaped test pieces 
supported substantially upright. This state was maintained forten seconds and ttiereafter the burner flame was separated 
from the test pieces. When the flame was extinguished, the burner flame was applied for further ten seconds, after which 
the burner flame was separated from the test pieces. Decision was given at this time on the basis of the sum of the time 

50 duration of combustion with flame after the end of the first flame contact with the test pieces, the time duration of 
combustion with flame after the end of the second flame contact with the test pieces, the time duration of combustion 
with flame after the end of the second flame contact with the test pieces, and the time duration of combustion without 
flame after the end of the second flame contact with the test pieces, the sum of time durations of combustion with flame 
of the five test pieces, and the presence/ absence of the droppings of combustion. The V-0 prescription provides that 

55 combustion with flame shall come to a close within ten seconds for the flrst and second combustion events. The V-1 
and V-2 prescriptions provide that combustion with flame shall come to a close within 30 seconds for the first and second 
combustion events. The sum of the time duration of the second combustion with flame and the time duration of the 
second combustion without flame is less than 30 seconds for the V-0 prescription, while the same sum for the V-1 and 
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V-2 prescriptions is less than 60 seconds. The sum of the time durations of combustion with flame of the five test pieces 
is less than 50 seconds for the V-0 prescription, while the same sum for the V-1 and V-2 prescriptions is less than 250 
seconds. The droppings of combustion are tolerated only for the V-2 prescription. That is, with the UL combustion test 
method (UL 94), the flame retardant properties become higher in the order of the V-0, V-1 and V-2. 
In the following Table 2, the results of evaluation on tests on combustibility in the Examples and Comparative Examples 
are shown. 



Table 2 





Resins to be made flame retardant 


PC 


ABS 


HIPS 


PET 


PLA 


Ex.7 


99.8 






_ 


_ 


Ex.8 


99.8 










Ex.9 














99.4 










Ex.11 


99.85 










Ex.12 


84.0 


15 








Ex.13 


89.0 




10 






Ex.14 


84.0 






15 




Ex.15 


49.0 








50 


Ex.16 


89.0 




10 






Comp. Ex.9 


99.8 










Comp. Ex.10 


99.8 










Comp. Ex.n 


99.4 










Comp. Ex.12 


84 


15 








Comp. Ex.13 


89 




10 






Comp. Ex.14 


84 






15 





Table 2 (continued) 





Flame retarder 


Sorts 


Content (wt%) 


Molecular weight of aromatic polymer 


Ex.7 


Inv. Sp.4 


0.1 


250000 


Ex.8 


Inv. Sp.5 


0.1 


120000 


Ex.9 


Inv. Sp.6 


0.5 


70000 


Ex.10 


Inv. Sp.7 


0.5 


500000 


Ex.11 


Inv. Sp.8 


0.05 


31000 


Ex.12 


Inv. Sp.5 


0.4 


120000 


Ex, 13 


Inv. Sp.4 


0.5 


250000 


Ex.14 


Inv. Sp.8 


0.4 


31000 


Ex.15 


Inv. Sp.5 


0.3 


250000 


Ex.16 


Inv. Sp.9 


0.3 


50000 


Comp. Ex.9 


Ctr. Sp.4 


0.1 


9000 


Comp. Ex.10 


Ctr. Sp.5 


0.1 


20000 


Comp. Ex.11 


Ctr. Sp.9 


0.5 


18000 


Comp. Ex.12 


Ctr. Sp.7 


0.4 


9000 


Comp. Ex.13 


Ctr. Sp.4 


0.5 


20000 


Comp. Ex.14 


Ctr. Sp.5 


0.4 


18000 
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Table 2 (continued) 





Flame retarders (IS) 
(wt%) 


Anti-drip agents 
(wt%) 


Combustibility test (UL94) 


Ex.7 




0.1 


V-0 prescription/passed 


Ex.8 


_ 


0.1 


V-0 prescription/passed 


Ex.9 


_ 


0.1 


V-0 prescription/passed 


Ex.10 


_ 


0.1 


V-0 prescription/passed 


Ex.11 


_ 


0.1 


V-0 prescription/passed 


Ex.12 


0.4 


0.2 


V-0 prescription/passed 


Ex.13 


0.3 


0.2 


V-0 prescription/passed 


Ex.14 


0.4 


0.2 


V-1 prescription/passed 


Ex.15 


0.4 


0.3 


V-1 prescription/passed 


Ex.16 


0.4 


0.3 


V-0 prescription/passed 


Comp. Ex.9 




0.1 


V-1 prescription/ not passed 


Comp. Ex.10 




0.1 


V-1 prescription/ not passed 


Comp. Ex.11 




0.1 


V-1 prescription/ not passed 


Corap. Ex.12 


0.4 


0.2 


V-2 prescription/ not passed 


Comp. Ex.13 


0.3 


0.2 


V-2 prescription/ not passed 


Comp. Ex.14 


0.4 


0.2 


V-2 prescription/ not passed 



[0214] It is seen from the results of evaluation shown in Table 2 that the Examples? to 16, containing a flame retarder, 
25 composed of an aromatic polymer, with a weight average molecular weight in a range from 31 000 to 500000, and sulfonic 
acid groups introduced therein, are supenor in flame retardant properties to the Comparative Examples 9 to 14, containing 
a flame retarder, composed of an aromatic polymer, with a weight average molecular weight in a range from 9000 to 
20000, and sulfonic acid groups introduced therein. 

[0215] In the Comparative Examples, there were resins that were bumed easily and those that were not burned easily. 
30 The reason is that, in the Comparative Examples, the flame retarder is not dispersed substantially evenly in the flame 
retardant resin composition, that is, that compatibility of the flame retarder in the resin to be rendered flame retardant is 
lowered. 

[0216] Such is not the case with the Examples in which, by using a flame retarder composed of an aromatic polymer 
with a weight average molecular weight ranging between 31 000 and 500000, and sulfonic acid groups introduced therein, 
35 the flame retarder is improved in compatibility with respect to the resin to be rendered flame retardant, and hence the 
flame retarder is dispersed substantially evenly in the flame retardant resin composition, so that proper flame retardant 
properties may be conferred on the resin to be made flame retardant. 

[021 7] It is also seen from the results of evaluation shown in Table 2 that, with the Examples, flame retardant properties 
may effectively be conferred by adding minor quantities of the flame retarder on the resin to be made flame retardant 
40 [021 8] As may be seen from above, it is crucial, for producing a flame retardant resin composition, properly rendered 
flame retardant, thatan aromatic polymer, with a weight average molecular weight in a range between 31 000 and 500000, 
into which sulfonic acid groups have been introduced, shall be contained as a flame retarder in the resin to be rendered 
flame retardant. 

[0219] Further embodiments of aflame retarder and aflame retardant resin composition, employing this flame retarder, 
45 will now be described. 

[0220] Similarly to the flame retardant resin composition of the abovendescribed embodiment, the flame retardant 

resin composition of the present embodiment is a resin material used e.g. for household electrical appliances, cars, 
office utensil, stationeries, groceries, building materials and fibers. Specifically, flame retardant properties are conferred 
on the resin composition, as the resin to be made flame retardant, by the flame retarder contained in the resin composition. 
50 [0221] The flame retarder, contained in the flame retardant resin composition, is composed of an aromatic polymer, 
containing 1 mol% to 100 mol% of monomer units having an aromatic skeleton, and a preset quantity of sulfonic acid 
groups and/or sulfonate groups introduced therein. The aromatic skeleton may be present in a side chain or in a main 
chain of the aromatic polymer contained in the flame retarder. 

[0222] Specifically, the aromatic polymer including the aromatic skeleton in its side chain may be enumerated by, for 
55 example, polystyrene (PS), high impact polystyrene (HIPS: styrene-butadiene copolymer), an acrylonitrile-styrene co- 
polymer (AS), an acrylonitrile- butadiene- styrene copolymer (AB S), an acrylonitrile- chlorinated polyethylene resin 
(ACS), an acrylonitrile- styrene-acrylate copolymer (ASA), an acrylonitrile- ethylene propylene rubber- styrene copolymer 
(AES), and an acrylonitrile- ethylene- propylene- diene- styrene resin (AEPDMS). These may be used either alone or 
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in combination. 

[0223] The weight average molecular weight of the aromatic polymer, having the aromatic skeleton in the side chain, 

is in a range from 10000 to 10000000, preferably 50000 to 1000000 and more preferably 10000 to 50000. 

[0224] If, in the aromatic polymer, the weight average molecular weight deviates from the range from 1 0000 to 

5 1 0000000, it becomes difficult to disperse the flamer retarder substantially evenly in the resin to be made flame retardant. 
That is, the flame retarder is lowered in compatibility with respect to the resin to be made flame retardant, such that 
flame retardant properties cannot be conferred adequately on the flame retardant resin composition. 
[0225] The aromatic polymer, having an aromatic skeleton in its main chain, may be enumerated by, for example, a 
polycarbonate (PC), polyphenylene oxide (PPO), polyethylene terephthalate (PET), polybutylene terephthalate (PBT), 

10 and polysulfone (PSF). These may be used either alone or in combination. The aromatic polymer, having an aromatic 
skeleton in its main chain, may also be used as a mixture (alloy) with e.g. other resin(s). Specifically, the alloy with the 
other resin(s) may be enumerated by an ABS/PC alloy, a PS/PC alloy, an AS/PC alloy, a HIPS/PC alloy, a PET/PC 
alloy, a PBT/PC alloy, a PVC/PC alloy, a PLA (poly-lactic acid)/ PC alloy, a PPO/ PC alloy, a PS/PPO alloy, a HIPS/PPO 
alloy, an ABS/PET alloy and a PET/PBT alloy, which may be used either alone or in combination. 

15 [0226] In the aromatic polymer, the content of the monomer units, having aromatic skeletons, is in a range from 1 
mol% to 100 mol%, preferably in a range from 30 mol % to 100 mol % and more preferably in a range from 40 mol % 
to 100 mol%. 

[0227] Ifthe content of the monomer units, having aromatic skeletons, islessthan 1 mol%, the flame retarder becomes 
difficult to disperse substantially evenly in the resin, which should be made flame retardant, or the rate of the sulfonic 
20 acid groups and/or the sulfonate groups introduced into the aromatic polymer becomes lower. Hence, flame retardant 
properties cannot be conferred appropriately on the flame retardant resin composition. 

[0228] As the aromatic skeletons, forming the aromatic polymer, aromatic hydrocarbons, aromatic esters, aromatic 
ethers (phenols), aromatic thioethers (thiophenols), aromatic amides, aromatic imides, aromatic amideimides, aromatic 
ether imides, aromatic sulfones and aromatic ether sulfones, having cyclic structures, such as benzene, naphthalene, 
25 anthracene, phenanthrene orcoronene, are representative. Of these aromatic skeletons, benzene rings or alkylbenzene 
ring structures are most common. 

[0229] The monomer units contained in the aromatic polymer, other than the aromatic skeleton, may be enumerated 
by, for example, acrylonitrile, butadiene, isoprene, pentadiene, cyclopentadiene, ethylene, propylene, butene, isobuty- 

lene, vinyl chloride, D-methylstyrene, vinyl toluene, vinyl naphthalene, acrylic acid, acrylates, methacrylic acid, meth- 
acrylates, maleic acid, fumaric acid and ethylene glycol, only by way of illustration. These may be used either alone or 

in combination. 

[0230] As the aromatic polymer, used-up redeemed materials or scraps from the plant may be used. That is, low cost 
may be arrived at through use of a redeemed material as a feedstock material. 
2^ [0231] A flame retarder which, when contained in a preset amount in a resin to be made flame retardant, may confer 
high flame retardant properties on the resin, may be obtained by introducing preset amounts of sulfonic acid groups 
and/or sulfonates into the aromatic polymer. For introducing the sulfonic acid groups and/or sulfonates into the aromatic 
polymer, such a method consisting in sulfonating an aromatic polymer with a preset amount of sulfonating agents may 
be used. 

[0232] The sulfonating agent used for sulfonating an aromatic polymer is preferably such a one containing less than 
3 wt% of water. Specifically, the sulfonating agent is one or more selected from the group consisting of sulfuric anhydride, 
fuming sulfuric acid, chlorosulfonic acid and polyalkylbenzene sulfonic acid. As the sulfonating agent, complexes of, for 
example, alkyi phosphates or dioxane with Lewis bases may also be used. 

[0233] If an aromatic polymer is sulfonated, with the use of 96 wt% sulfuric acid, as a sulfonating agent, to produce a 
flame retarder, cyano groups in a polymer are hydrolyzed and converted into highly hygroscopic amide or carboxyl 
groups, so that a flame retarder containing these amide or carboxyl groups is produced. Ifthe flame retarder, containing 
these amide or carboxyl groups in larger quantities, is used, the moisture is taken up from outside with lapse of time, so 
that the flame retardant resin composition is changed in color to detract fi-om appearance, or the resin is deteriorated in 
mechanical strength, even granting that high flame retardant properties may be imparted to the flame retardant resin 
composition. A specified example ofthis sort of the flame retarder is the sulfonate flame retarder proposed in, for example, 
the JP Laid-open Patent Publication 2001 2941. 

[0234] In light of the above, sulfonation of an aromatic polymer may be accomplished by a method consisting in adding 
a preset amount of a preset sulfonating agent into a solution obtained on dissolving an aromatic polymer in an organic 

solvent (chlorine based solvent). There is also such a method consisting in adding a preset amount of the sulfonating 
agent to a liquid obtained on dispersing a pulverulent acrylonitrile- styrene based polymer in an organic solvent (liquid 
which is not a solution) to carry out reaction. There are also such a method consisting in directly injecting an aromatic 
polymer into a sulfonating agent, and such a method consisting in directiy spraying a sulfonating gas, specifically a gas 
of a sulfuric anhydride (SO3), to a pulverulent acrylonitrile- styrene based polymer, to carry out reaction. Of these methods. 
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the method consisting in directly spraying a sulfonating gas into a pulverulent aromatic polymer without employing an 
organic solvent is more preferred. 

[0235] To the aromatic polymer are introduced the sulfonic acid groups (-SO3H) or the sulfonate groups either directly 
or as these groups have been neutralized with ammonia or amine compounds. Specifically, the sulfonate groups may 
5 be enumerated by, for example. Specified examples of the sulfonate groups include Na, K, Li, Ca, Mg, Al, Zn, Sb and 
Sn salt groups of sulfonic acid. 

[0236] It is noted that higher flame retardant properties may be conferred on the flame retardant resin composition 
when sulfonate groups, rather than the sulfonic acid groups, have been introduced into the aromatic polymer. Of these, 
Na salts, Ka salts and Ca salts of sulfonic acid are preferred. 

10 [0237] The rate of the sulfonic acid groups and/or the sulfonate groups introduced into the aromatic polymer may be 
adjusted by the amount of addition of the sulfonating agent, the time of reaction of the sulfonating agent, reaction 
temperature or the kind as well as the amount of the Lewis base. Of these, the amount of addition of the sulfonating 
agent, the time of reaction of the sulfonating agent and the reaction temperature are most preferred to use for adjustment. 
[0238] Specifically, the rate of the sulfonicacid groupsand/orthe sulfonate groups introduced into the aromatic polymer 

15 is 0.01 mol % to 14.9 wt%, preferably 0.05 mol % to 12 mol % and more preferably 1 mol % to 10 mol%. 

[0239] In case the rate of the sulfonic acid groups and/or the sulfonate groups introduced into the aromatic polymer 
is lower than 0.01 mol%, it becomes difficult to confer flame retardant properties to the flame retardant resin composition. 
If conversely the rate of the sulfonic acid groups and/or the sulfonate groups introduced into the aromatic polymer as 
sulfur contents is more than 14.9 mol %, the flame retardant resin composition tends to be lowered in compatibility with 

20 respect to the resin composition, or the flame retardant resin composition tends to be deteriorated in mechanical strength 
with lapse of time. 

[0240] The rate of the sulfonic acid groups and/or the sulfonate groups introduced into the aromatic polymer may 
readily be determined by quantitative analysis, by e g a combustion flask method, of the sulfur (S) contents in the 
sulfonated aromatic polymer, as an example. If the rate of the sulfonic acid groupsand/orthe sulfonate groups introduced 
25 into the aromatic polymer is determined on the basis of sulfur content in the aromatic polymer, the sulfur content in the 
aromatic polymer is normally in a range from 0.001 wt% to 4.1 wt% and preferably in a range from 0.005 wt% to 2.5 
v^^t%, depending on for example the sort of the aromatic polymer. 

[0241] The resin which is to be rendered flame retardant, as a feedstock material for the resin composition on which 
flame retardant properties are to be conferred by the above-described flame retarder, contained therein, that is, the 

30 flame retardant resin composition, may be enumerated by, for example, polycarbonate (PC), an acrylonitrile- butadiene- 
styrene copolymer (AB S), polystyrene (PS), an acrylonitrile- styrene copolymer (AS), polyvinyl chloride (PVC), polyphe- 
nylene oxide (PPG), polyethylene terephthalate (PET), polyethylene butylate (PBT), polysulfone (PSF), thermoplastic 
elastomer (TPE), polybutadiene (PB), polyisoprene (PI), nitrile rubber (acrylonitrile-butadiene rubber), nylon and poly- 
lactic acid (PLA). The resin composition contains one or more of these resins in an amount not less than 5 wt%. These 

35 rnay be used either alone or in combination (as alloys). 

[0242] The resins to be most effectively rendered flame retardant by containing the aforementioned flame retarder 
may be enumerated by, for example, PC, ABS, (HI)PS, AS, PPO, PBT, PET, PVC, PLA, ABS/PC alloy, PS/PC alloy, 
AS/PC alloy, HIPS/PC alloy, PET/PC alloy, PBT/PC alloy, PVC/PC alloy, PLA (poly-lactic acid)/ PC alloy, PPO/PC alloy, 
PS/PPO alloy, HIPS/PPO alloy, ABS/PET alloy and PET/PBT alloy. These may be used either alone or in combination. 

40 [0243] By using a flame retarder composed of the aromatic polymer, into which have been introduced sulfonic acid 
groups or sulfonate groups in an amount in a range from 0.01 mol% to 14.9 mol%, it is possible to increase the number 
of the sorts of the resins to be rendered flame resistant. 

[0244] As the resins to be rendered flame retardant, used-up redeemed materials or scraps from the plant may be 
used. That is, low cost may be arrived at through use of a redeemed material as a feedstock material. 
45 [0245] In the above-described flame retardant resin composition, in which a flame retarder used is an aromatic polymer, 
into which have been introduced sulfonic acid groups or sulfonate groups in an amount in a range from 0.01 mol% to 
1 4.9 mol%, the flame retarder may be improved in compatibility with respect to the resin to be rendered flame resistant, 
so that flame retardant properties may properly be conferred on the resin. 

[0246] Moreover, in the above-described flame retardant resin composition, the flame retarder contained may be 
50 obtained by sulfonating the aromatic polymer with the sulfonating agent, containing less than 3 wt% of water, so that 
the amide or carboxyl groups, exhibiting high hygroscopic effects, may be suppressed from being introduced into the 
flame retarder. Consequently, there is no fear of the resin taking up the moisture in atmospheric air during prolonged 
storage and becoming discolored to detract from appearance or deteriorated in mechanical strength. 
[0247] Furthermore, in the flame retardant resin composition, the content of the flame retarder in the resin to be made 
55 flame retardant is in a range from 0.001 wt% to 10 wt%, preferably in a range fl-om 0.005 wt% to 5 wt% and more 
preferably in a range from 0.01 vA% to 3 wt%. 

[0248] In case the content of the flame retarder in the resin to be rendered flame retardant is less than 0.001 wt%, it 
becomes difficult to confer flame retardant properties effectively on the flame retardant resin composition. If conversely 
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the content of the flame retarder in the resin to be rendered flame retardant exceeds 10 wt%, the reverse effect is 
presented, that is, the flame retardant resin composition is more susceptible to combustion. 

[0249] That is, the flame retardant resin composition, on which the flame retardant properties have been conferred 
effectively, may be obtained by adding a minor quantity of the flame retarder to the resin. 

5 [0250] The above-described flame retardant resin composition may also be added by known routine flame retarders, 
in addition to the above-described flame retarders, for further improving the flame retardant properties. 
[0251] These known routine flame retarders may be enumerated by, for example, organic phosphate based flame 
retarders, halogenated phosphate based flame retarders, inorganic phosphorus based flame retarders, halogenated 
bisphenol based flame retarders, halogen compound based flame retarders, antimony based flame retarders, nitrogen 

10 based flame retarders, boron based flame retarders, metal salt based flame retarders, inorganic flame retarders and 
silicon based flame retarders. These may be used either singly or in combination. 

[0252] Specifically, the organic phosphate or phosphite based flame retarders may be enumerated by, for example, 
triphenyl phosphate, methyl neobenzyl phosphate, pentaerythrytol diethyl diphosphate, methyl neopentyl phosphate, 
phenyl neopentyl phosphate, pentaerythrytol diphenyl diphosphate, dicyclopentyl hypodiphosphate, dineopentyl hypodi- 
15 phosphite, phenyl pyrocatechol phosphite, ethyl pyrocatechol phosphate and dipyrocatechol hypodiphosphate. These 
may be used either alone or in combination. 

[0253] The halogenated phosphate based flame retarders may be enumerated by, for example, tris(D-chloroethyl) 

phosphate, tris(dicyclopropyl) phosphate, tris(D-bromoethyl) phosphate, tris(dibromopropyl) phosphate, tris(chloropro- 
20 pyl) phosphate, tris(dibromophenyl) phosphate, tris(tribromophenyl) phosphate, tris(tribromoneopentyl) phosphate, con- 
densed polyphosphates and condensed polyphosphonates. These may be used either alone or in combination. 
[0254] The inorganic phosphorus based flame retarder may be exemplified by, for example, red phosphorus and 
inorganic phosphates. These may be used either alone or in combination. 

[0255] The halogenated bisphenol based flame retarder may be enumerated by, for example, tetrabromobisphenol 
25 A, oligomers thereof and bis(bromoethylether) tetrabromobisphenol A. These may be used either alone or in combination. 
[0256] The halogen compound based flame retarder may be enumerated by decabromodiphenyl ether, hexabro- 
mobenzene, hexabromocyclododecane, tetrabromo phthalic anhydride, (tetrabromobisphenol) epoxy oligomer, hexab- 
romobiphenyl ether, tribromophenol, dibromocresyl glycidyl ether, decabromodiphenyl oxide, halogenated polycar- 
bonates, halogenated polycarbonate copolymers, halogenated polystyrene, halogenated polyolefins, chlorinated paraf- 
30 fins and perchlorocyclodecane. These may be used either alone or in combination. 

[0257] The antimony based flame retarders may be enumerated by, for example, antimony trioxide, antimony tetroxide, 
antimony pentoxide and sodium antimonate. These may be used either alone or in combination. 
[0258] The nitrogen-based flame retarders may be enumerated by, for example, melamine, alkyi group or aromatic 
group substituted melamine, melamine cyanurate, melamine isocyanurate, melamine phosphate, triazine, guanidine 
35 compounds, urea, various cyanuric acid derivatives, and phosphasene compounds. These may be used either alone 
or in combination. 

[0259] The boron based flame retarders may be enumerated by, for example, zinc borate, zinc meta borate and barium 
metaborate. These may be used either alone or in combination. 

[0260] The metal salt based flame retarders may be enumerated by, for example, alkyI metal salts or alkyI earth metal 
"lo salts of perfluoroalkanesulfonicacids.alkylbenzenesulfonicacids, halogenated alkylbenzenesulfonicacids,alkylsulfonic 
acids and naphthalene sulfonic acid. These may be used either alone or in combination. 

[0261] The inorganicflame retarders may be enumerated by, forexample, magnesium hydroxide, aluminum hydroxide, 
barium hydroxide, calcium hydroxide, dolomite, hydrotalcite, basic magnesium carbonate, zirconium hydroxide, hydrates 
of inorganic metal compounds, such as hydrates of tin oxide, metal oxides, such as aluminum oxide, iron oxide, titanium 

'fs oxide, manganese oxide, magnesium oxide, zirconium oxide, zinc oxide, molybdenum oxide, cobalt oxide, bismuth 
oxide, chromium oxide, tin oxide, nickel oxide, copper oxide and tungsten oxide, powders of metals, such as aluminum, 
iron, copper, nickel, titanium, manganese, tin, zinc, molybdenum, cobalt, bismuth, chromium, tungsten and antimony, 
and carbonates, such as zinc carbonates, magnesium carbonate, calcium carbonate and barium carbonate. These may 
be used either alone or in combination. 

50 [0262] Of the inorganic flame retarders, magnesium hydroxide, aluminum hydroxide, talc, which is a hydrated mag- 
nesium silicate, basic magnesium carbonate, mica, hydrotalcite, and aluminum are preferred from the perspective of 
flame retardant properties and from economic profitability. Meanwhile, used-up redeemed materials or scraps from the 
plant may be used as the inorganic flame retarders. 

[0263] The silicon-based flame retarders may be exemplified by, for example, polyorganosiloxane resins (silicone or 
55 organic silicates) and silica, which may be used either alone or as a mixture. The polyorganosiloxane resins may be 
enumerated by, for example, polymethylethyl siloxane resin, polydimethyl siloxane resin, polymethyl phenyl siloxane 
resin, polydiphenyl siloxane resin, polydiethyl siloxane resin, polyethyl phenyl siloxane resin and mixtures thereof. 
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[0264] The alkyi moiety portions of these polyorganosiloxane resins may contain functional groups, for example, an 
alkyi group, an alkoxy group, a hydroxy group, an amino group, a carboxyl group, a silanol group, a mercapto group, 
an epoxy group, a vinyl group, an aryloxy group, a polyoxyalkylene group, a hydroxy group or halogens. Of these, the 
alkyi group, an alkoxy group and the vinyl group are most preferred. 
5 [0265] The polyorganosiloxane resins are of the average molecular weight not less than 1 00, preferably in a range 
from 500 to 5000000, and are in the form of oil, varnish, gum, powders or pellets. As for silica, it is desirably surface- 
processed with a silane coupling agent of a hydrocarbon compound. 

[0266] The content of the known common flame retarders, given hereinabove, is usually in a range from 0.001 wt% 
to 50 wt%, preferably in a range from 0.01 wt% to 30 wt% and more preferably in a range from 0.1 wt% to 10 wt%, 
10 referred to the resin to be rendered flame retardant, depending on the sort of the flame retarder, level of flame retardant 

properties or on the sort of the resin to be rendered flame retardant. 

[0267] In the flame retardant resin composition, known routine inorganic fillers may be mixed, in addition to the above- 
mentioned flame retarders, for improving mechanical strength or for further improving flame retardant properties. 
[0268] Among the known inorganic fillers, there are, for example, crystalline silica, fused silica, alumina, magnesia, 
15 talc, mica, kaolin, clay, diatomaceous earth, calcium silicate, titanium silicate, titanium oxide, glass fibers, calcium fluoride, 
calcium sulfate, barium sulfate, calcium phosphate, carbon fibers, carbon nanotubes and potassium titanate fibers. 
These maybe used either alone or as a mixture. Of these inorganic fillers, talc, mica, carbon, glass and carbon nanotubes 
are most preferred. 

[0269] The inorganic fillers are contained in the flame retardant resin composition in an amount in a range from 0.1 
20 wt% to 90 wt%, preferably in a range from 0.5 wt% to 50 wt% and more preferably in a range from 1 wt% to 30 wt%. 
[0270] If the content of the inorganic filler is less than 0.1 wt%, the effect of improving the toughness or the flame 
retardant properties of the flame retardant resin composition is lowered. If conversely the content of the inorganic filler 
is higherthan 90 wt%, such undesirable situation may arise that, in injection molding the flame retardant resin composition, 
the flame retardant resin composition in a molten state is lowered in fluidity or in mechanical strength. 
25 [0271] Furthermore, in the flame retardant resin composition, fluoro olefin resins, for example, may be mixed, in 
addition to the above-mentioned flame retarders, for suppressing the dripping phenomenon that may otherwise occur 
during the combustion. 

[0272] Among the fluoro olefin resins, capable of suppressing the dripping phenomenon, there are, for example, a 
difluoroethylene polymer, a tetrafluoroethylene polymer, a tetrafluoroethylene- hexafluoropropylene copolymer and a 
3D copolymer of a tetrafluoroethylene and an ethylenic monomer. These may be used either alone or in combination. 

[0273] Of these fluoro olefin resins, tetrafluoroethylene polymers are most preferred. The average molecular weight 
of the tetrafluoroethylene polymers is not less than 50000 and preferably in a range from 1 00000 to 20000000. Meanwhile, 
the fluoro olefin resins, exhibiting fibril forming properties, are more preferred. 

[0274] The fluoro olefin resins are contained in a range from 0.001 wt% to 5 wt%, preferably in a range from 0.005 
35 v\rt% to 2 vA.% and more preferably in a range from 0.01 wt% to 0.5 wt%, referred to the flame retardant resin composition. 
[0275] If the content of the fluoro olefin resins is less than 0.001 wt%, it becomes difficult to suppress the dripping 
phenomenon. If conversely the content of the fluoro olefin resins is more than 5 wt%, the effect in suppressing the 
dripping phenomenon becomes saturated, so that there may arise inconveniences such as high cost or the inferior 
mechanical strength. 

40 [0276] In the flame retardant resin composition, there may be added, in addition to the above-mentioned flame re- 
tardants, anti-oxidants (phenolic, phosphorus based or sulfur based anti-oxidants), anti-static agents, UV absorbers, 
photo-stabilizers, plasticizers, compatibility promoting agents, colorants (pigments or dyestuffs), bactericidal agents, 
hydrolysis inhibiting agents or surface processing agents for improving Injection molding properties, shock-proofing 
properties, appearance, thermal resistance, weatherability or toughness. 

45 [0277] In preparing the above-mentioned flame retardant resin composition, a flame retarder, a resin to be rendered 
flame retardant, and other additives, are dispersed substantially evenly in a kneader, such as a tumbler, a reblender, a 
mixer, an extruder or a co-kneader. The resulting product is molded to a preset shape by molding methods, such as 
injection molding, injection compression molding, extrusion molding, blow molding, vacuum molding, press molding, 
foam molding or supercritical molding. 

50 [0278] The molded product, formed of the flame retardant resin composition, is used in various fields as enclosures 
or component parts of various products exhibiting flame retardant properties, such as household electrical appliances, 
cars, information equipment, office utensils, telephone sets, stationeries, furniture or fibers. 

[0279] The present invention will now be described with reference to Examples and Comparative Examples for com- 
parison to the Examples. 

55 [0280] First, inventive samples and control samples of flame retarders, contained in the Examples and Comparative 

Examples, were prepared. 
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(Inventive Sample 10) 

[0281] In preparing an inventive sample 10, 2.6 g of a styrene homopolymer (weight average molecular weight: 
280000), as an aromatic polymer, were charged in a round-bottomed flask, into which were previously charged 23.4 g 

5 of 1 ,2-dichloroethane, for dissolution, to form a polymer solution. A liquid mixture of 0.25g of 96% sulfuric acid and 0.3 
g of sulfuric anhydride was charged dropwise into the polymer solution over ten minutes. After the end of the dripping, 
the resulting mass was cured for four hours, by way of sulfonating the aromatic polymer. The reaction liquid was poured 
into boiling pure water to remove the solvent to yield a solid substance. This solid substance was rinsed thrice with 
lukewarm pure water and dried under reduced pressure to yield a dried solid substance. 

10 [0282] The flame retarder, thus prepared, was subjected to elementary analysis, using a combustion flask method. 
From the sulfur content in the so produced flame retarder, the rate of the sulfonic acid groups introduced was found to 
be 8 mol%. 

[0283] The dried solid substance was neutralized with potassium hydroxide and again dried to prepare a flame retarder. 
In this manner, an aromatic polymer, containing the sulfonic acid groups introduced therein, was obtained as a flame 
15 retarder. 

(Inventive Sample 11) 

[0284] In preparing an inventive sample 1 1 , a blade of a used-up fan was crushed, as an aromatic polymer. 3 g of an 
20 acrylonitrile- styrene copolymer resin (acrylonitrile unit: 44 mol%; styrene unit: 56 mol%) of a 83 mesh pass size, thus 
obtained, was charged into a round-bottomed flask, and agitated. As the resin powders were continuously stirred, an 
SO3 gas, evolved from 4g of fuming sulfuric acid, was blown over four hours into the powdered material, which was 
continuously stirred, by way of sulfonating the aromatic polymer. Air was then sent into the flask to remove residual SO3 
gas from the round-bottomed flask. The solid substance was washed thrice with water and subsequently dried. 
25 [0285] The solid substance, thus prepared, was put to elementary analysis, using a combustion flask method. The 
introducing rate of sulfonic acid groups was found to be 7.2 mol%. 

[0286] The dried solid substance was then neutralized with potassium hydroxide and again dried to yield a flame 
retarder in the form of a pale yellow solid substance. That is, the inventive sample 1 1 is again an aromatic polymer into 
which sulfonic acid groups have been introduced. 

(Inventive Sample 12) 

[0287] In an inventive sample 12, a flame retarder was obtained in the same way as in the above inventive sample 
1 1 , except using, as an aromatic polymer, an acrylonitrile- butadiene- styrene copolymer resin (acrylonitrile unit: 38 mol 
35 %; styrene unit: 50 mol%; butadiene unit: 12 mol%; color: black color), obtained on crushing a used-up 8 mm cassette 
to a 83 mesh pass size, and setting the time for sulfonating processing to ten minutes. That is, the inventive sample 12 
is again an aromatic polymer, into which were introduced sulfonic acid groups. Similariy to the aforementioned inventive 
sample 1 2, the solid substance, prepared as described above, was put to elementary analysis, using a combustion flask 
method. The introducing rate of sulfonic acid groups was found to be 0.1 0 mol % . 

40 

(Inventive Sample 13) 

[0288] In an inventive sample 13, a flame retarder in the form of a white solid substance was prepared in the same 
way as in inventive sample 1 1 , except employing polyethylene terephthalate as an aromatic polymer. That is, the inventive 
45 sample 1 3 is again an aromatic polymer, into which were introduced sulfonic acid groups. The solid substance, thus 
prepared, was put to elementary analysis, in the same way as the inventive sample 10, using a combustion flask method. 
The introducing rate of sulfonic acid groups was found to be 0.1 2 mol%. 

(Inventive Sample 14) 

50 

[0289] In an inventive sample 14, a flame retarder in the form of a white solid substance was prepared in the same 
way as in inventive sample 1 1 , except employing powdered polycarbonate, obtained on crushing a transparent optical 
disc from the plant to 83 mesh pass size, as an aromatic polymer. That is, the inventive sample 1 4 is again an aromatic 
polymer, into which were introduced sulfonic acid groups. The solid substance, thus prepared, was put to elementary 
55 analysis, in the same way as the inventive sample 1 0, using a combustion flask method. The introducing rate of sulfonic 
acid groups vras found to be 2 mol % . 
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(Inventive Sample 15) 

[0290] In an inventive sample 1 5, a flame retarder in the form of a brown solid substance was prepared in the same 
way as in inventive sample 1 1 , except employing powdered poly (2,6-dimethyl-p-phenylene oxide) as the aromatic 
5 polymer. That is, the inventive sample 1 5 was again an aromatic polymer, into which were introduced sulfonic acid 
groups. The solid substance, thus prepared, was put to elementary analysis, in the same way as the inventive sample 
1 0, using a combustion flask method. The introducing rate of sulfonic acid groups was found to be 7.5 mol%. 

(Control Sample 7) 

10 

[0291] In preparing a control sample 7, 2g of a styrene homopolymer, used in the inventive sample 10, as an aromatic 
polymer, was charged in a round-bottomed flask, into which were previously charged 18 g of 1 ,2- dichloroethane, for 
dissolution, to form a polymer solution. A liquid mixture of 15g of 1 ,2-dichloroethane, 0.6 g of triethyl phosphate and 2.3 
g of fuming sulfuric acid was charged dropwise into the polymer solution over 1 .5 hours. After the end of the dripping, 
15 the resulting mass was cured for two hours, by way of sulfonating the aromatic polymer. A deposited product was taken 
out, dissolved in methanol and re-precipitated in diethylether. The resulting precipitate was dried to yield a solid substance. 
[0292] The solid substance, thus prepared, was subjected to elementary analysis, using a combustion flask method. 
The introducing rate of the sulfonic acid groups was found to be 65 mol%. 

[0293] The dried solid substance was neutralized with potassium hydroxide and again dried to prepare a flame retarder. 
20 In this manner, an aromatic polymer, containing 65 mol % of the sulfonic acid groups, introduced therein, was obtained 
as a flame retarder. 

(Control Sample 8) 

25 [0294] In a control sample 8, sodium polystyrenesulfonate (weight average molecular weight: 18000) was used as a 
flame retarder. This flame retarder was subjected to elementary analysis, using a combustion flask method. The intro- 
ducing rate of the sulfonic acid groups was found to be 99 mol%. 

(Control Sample 9) 

[0295] In the control sample 9, a flame retarder, formed of a black solid substance, was prepared in the same way as 
in the inventive sample 12, except employing 90 wt% of concentrated sulfuric acid, as a sulfonating agent used for 
sulfonating processing, and carrying out the sulfonating processing in an 80°C atmosphere for one hour. The flame 
retarder, thus prepared, wasputto elementary analysis by a combustion flask method, in the same way as the inventive 
35 sample 10. The introducing rate of sulfonic acid groups was 36 mol%. An aromatic polymer, containing 36 mol % of 
sulfonic acid groups, introduced therein, was prepared. 

[0296] The inventive samples 10 to 15 and the control samples 7 to 9, that is, flame retarder samples, were introduced 
into a preset resin, which is to be made flame retardant, in order to prepare Examples and Comparative Examples. 

40 (Example 17) 

[0297] In Example 17, 99.8 parts by weight of a polycarbonate resin (bisphenol A type), referred to below as PC, as 
a resin to be made flame retardant, 0.1 part by weight of the inventive sample 10, as a flame retarder, and 0.1 part by 
weight of fibril-forming polytetrafluoroethylene, referred to below as PTFE, as an anti-drip agent, were mixed together 
45 to prepare a flame retardant resin precursor. This flame retardant resin precursor was charged into an extruder and 
formed into pellets by kneading ata preset temperature. The pellets, thus formed, were charged into an injection molding 
apparatus, for injection molding at a presettemperature, in orderto prepare a strip-shaped test piece, 1 .5 mm in thickness, 
formed of the flame retardant resin composition. 

50 (Example 18) 

[0298] In Example 18, a strip-shaped test piece was formed in the same way as in Example 17, except mixing 99.85 
parts by weight of PC, as a resin to be made flame retardant, 0.05 part by weight of the inventive sample 1 1 , as a flame 
retarder, and 0.1 part by weight of PTFE, as an anti-drip agent, in order to prepare a flame retardant resin precursor. 

55 

(Example 19) 

[0299] In Example 19, a strip-shaped test piece was formed in the same way as in Example 17, except mixing 99.85 
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parts by weight of PC, as a resin to be made flame retardant, 0.05 part by weight of the inventive sample 1 4, as a flame 
retarder, and 0.1 part by weight of PTFE, as an anti-drip agent, in order to prepare a flame retardant resin precursor. 

(Example 20) 

5 

[0300] In Example 20, a strip-shaped test piece was formed in the same way as in Example 17, except mixing 83.8 
partsby weight of PC, as a resin to be made flame retardant and 15 parts by weight of an acrylonitrile- butadiene- styrene 
copolymer resin, with a weight ratio acrylonitrile/ polybutadiene/ styrene = 24/20/56, referred to below as ABS resin, as 
another resin to be made flame retardant, 0.5 part by weight of the inventive sample 1 2, as a flame retarder, 0.5 part by 
10 weight of polymethyl phenyl siloxane, referred to below as SI, as a silicon-based flame retarder, used as another flame 
retarder, and 0.2 part by weight of PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 

(Example 21 ) 

15 [0301] In Example 21 , a strip-shaped test piece was formed in the same way as in Example 17, except mixing 89.5 
parts by weight of PC, as a resin to be made flame retardant, 10 parts by weight of rubber-modified polyethylene, with 
a polybutadiene/ polystyrene weight ratio of 10:90, referred to below as HIPS resin, as another resin to be made flame 
retardant, 0.1 part by weight of the inventive sample 1 1 , as a flame retarder, 0.2 part by weight of SI, as another flame 
retarder, and 0.2 part by weight of PTFE, as an anti-drip agent, in order to prepare a flame retardant resin precursor. 

(Example 22) 

[0302] In Example 22, a strip-shaped test piece was formed in the same way as In Example 17, except mixing 89.4 
parts by weight of PC, as a resin to be made flame retardant, 1 0 parts by weight of an acrylonitrile- styrene copolymer 
25 resin, with a weight ratio of acrylonitrile/ styrene = 25/75, referred to below as AS resin, as another resin to be made 
flame retardant, 0.2 part by weight of the inventive sample 10, as a flame retarder, 0.2 part by weight of SI, as another 
flame retarder, and 0.2 part by weight of PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 

(Example 23) 

[0303] In Example 23, a strip-shaped test piece was formed in the same way as in Example 17, except mixing 84 
parts by weight of PC, as a resin to be made flame retardant, 1 5 parts by weight of polyethylene terephthalate, referred 
to below as PET, as another resin to be made flame retardant, 0.3 part by weight of the inventive sample 13, 0.4 part 
by weight of SI, as another flame retarder, and 0.3 part by weight of PTFE, as an anti-drip agent, in order to prepare a 
35 flame retardant resin precursor. 

(Example 24) 

[0304] In Example 24, a strip-shaped test piece was formed in the same way as in Example 17, except mixing 49 
40 parts by weight of PC, as a resin to be made flame retardant, 50 parts by weight of poly-lactic acid, referred to below as 
PLA, as another resin to be made flame retardant, 0.2 part by weight of the control sample 14, as a flame retarder, 0.5 
partby weight of SI, as another flame retarder, and 0.3 part by weight of PTFE, as an anti-drip agent, in order to prepare 
a flame retardant resin precursor. 

45 (Example 25) 

[0305] In Example 25, a strip-shaped test piece was fomned in the same way as in Example 17, except mixing 99 
parts by weight of ABS as a resin to be made flame retardant, 0.5 part by weight of the control sample 1 1 , as a flame 
retarder, 0.2 part by weight of SI, as another resin to be made flame retardant, 0.2 part by weight of SI, as another flame 
50 retarder, and 0.3 part by weight of PTFE, as an anti-drip agent, in order to prepare a flame retardant resin precursor. 

(Example 26) 

[0306] In Example 25, a strip-shaped test piece was fomned in the same way as in Example 17, except mixing 99 
55 parts by weight of PET as a resin to be made flame retardant, 0.5 part by weight of the control sample 13, as a flame 
retarder, 0.2 part by weight of SI, as another flame retarder, and 0.3 part by weight of PTFE, as an anti-drip agent, in 
order to prepare a flame retardant resin precursor. 
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[0307] In Example 27, a strip-shaped test piece was formed in the same way as in Example 17, except mixing 99.8 
parts by weight of PC as a resin to be made flame retardant, 0.1 part by weight of the control sample 15, as a flame 
5 retarder, and 0.1 part by weight of PTFE, as an anti-drip agent, in order to prepare a flame retardant resin precursor. 

(Comparative Example 15) 

[0308] In Comparative Example 1 5, a strip-shaped test piece was formed in the same way as in Example 1 7, except 
10 mixing 99.8 parts by weight of PC as a resin to be made flame retardant, 0.1 part by weight of the control sample 7, as 
a flame retarder, and 0.1 partby weightof PTFE, asan anti-drip agent, in orderto prepare a flame retardant resin precursor. 

(Comparative Example 16) 

15 [0309] In Control Example 16, a strip-shaped test piece was formed in the same way as in Example 17, except mixing 
99.8 parts by weight of PC as a resin to be made flame retardant, 0.1 partby weight of the control sample 8, as a flame 
retarder, and 0.1 part by weight of PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 

(Comparative Example 17) 

[031 0] In Control Example 1 7, a strip-shaped test piece was formed in the same way as in Example 1 7, except mixing 
99.85 parts by weight of PC as a resin to be made flame retardant, 0.05 part by weight of the control sample 9, as a 
flame retarder, and 0.1 part by weight of PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 

25 (Comparative Example 18) 

[0311] In Control Example 18, a strip-shaped test piece was formed in the same way as in Example 17, except mixing 
83.8 parts by weight of PC as a resin to be made flame retardant, 1 5 parts by weight of an ABS resin, as another resin 
to be made flame retardant, 0.5 part by weight of the control sample 9, as a flame retarder, 0.5 part by weight of SI, as 
30 anotherflame retarder, and0.2partby weightof PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 

(Comparative Example 19) 

[0312] In Control Example 19, a strip-shaped test piece was formed in the same way as in Example 17, except mixing 
35 89.5 parts by weightof PC as a resin to be made flame retardant, 10 parts by weightof an HIPS resin, as another resin 
to be made flame retardant, 0.1 part by weight of the control sample 7, as a flame retarder, 0.2 part by weight of SI, as 
anotherflame retarder, and0.2partby weightof PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 

(Comparative Example 20) 

[0313] In Control Example 20, a strip-shaped test piece was formed in the same way as in Example 17, except mixing 
89.4 parts by weight of PC as a resin to be made flame retardant, 1 0 parts by weight of an AS resin, as another resin 
to be made flame retardant, 0.2 part by weight of the control sample 8, as a flame retarder, 0.2 part by weight of SI, as 
anotherflame retarder, and0.2partby weightof PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 

45 

(Comparative Example 21) 

[0314] In Control Example 21, a strip-shaped test piece was formed in the same way as in Example 17, except mixing 
84 parts by weight of PC as a resin to be made flame retardant, 15 parts by weight of a PET resin, as another resin to 
50 be made flame retardant, 0.3 part by weight of the control sample 9, as a flame retarder, 0.4 part by weight of SI, as 
another flame retarder, and 0.3 part by weight of PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 

(Comparative Example 22) 

55 [0315] In Control Example 22, a strip-shaped test piece was formed in the same way as in Example 17, except mixing 
49 parts by weight of PC as a resin to be made flame retardant, 50 parts by weight of a PLA resin, as another resin to 
be made flame retardant, 0.2 part by weight of the control sample 7, as a flame retarder, 0.5 part by weight of SI, as 
anotherflame retarder, and0.3partby weightof PTFE, as an anti-drip agent, to prepare a flame retardant resin precursor. 
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(Comparative Example 23) 

[031 6] In Control Example 23, a strip-shaped test piece was formed in the same way as in Example 1 7, except mixing 
99 parts by weight of ABS as a resin to be made flame retardant, 0.5 part by weight of the control sample 8, as a flame 
retarder, 0.2 part by weight of SI, as another flame retarder, and 0.3 part by weight of PTFE, as an antindrip agent, to 
prepare a flame retardant resin precursor. 

(Comparative Example 24) 

[0317] In Control Example 24, a strip-shaped test piece was formed in the same way as in Example 17, except mixing 
99 parts by weight of PET as a resin to be made flame retardant, 0.5 part by weight of the control sample 9, as a flame 
retarder, 0.2 part by weight of SI, as another flame retarder, and 0.3 part by weight of PTFE, as an anti-drip agent, to 
prepare a flame retardant resin precursor. 

[031 8] The test on combustibility and the test on appearance were then carried out on the respective Examples and 
Comparative Examples. 

[0319] The tests on combustibility were conducted as perpendicular combustibility tests in accordance with V-0, V-1 
and V-2 prescriptions of UL94 (Underwriters' Laboratory Subject 94). Specifically, five test pieces each of the Examples 
and the Comparative Examples were provided, and a burner flame was applied to each of the sirip-shaped test pieces 
supported substantially upright. This state was maintained for ten seconds and thereafter the bumer flame was separated 
from the test pieces. When the flame was extinguished, the burner flame was applied for further ten seconds, after which 
the burnerflame was separated from the test pieces. Decision was given at this time on the basis of the sum of the time 
duration of combustion with flame after the end of the first flame contact with the test pieces, the time duration of 
combustion with flame after the end of the second flame contact with the test pieces, the time duration of combustion 
with flame after the end of the second flame contact with the test pieces, and the time duration of combustion without 
flame after the end of the second flame contact with the test pieces, the sum of time durations of combustion with flame 
of the five test pieces, and the presence/ absence of the droppings of combusfion. The V-0 prescripfion provides that 
combustion with flame shall come to a close within ten seconds for the first and second combusfion events. The V-1 
and V-2 prescriptions provide that combustion with flame shall come to a close within 30 seconds for the first and second 
combustion events. The sum of the time durations of the second combustion with flame and those without flame is less 
than 30 seconds for the V-0 prescription and within 60 seconds for the V-1 and V-2 prescriptions. The sum of the time 
durations of combustion with flame of the five test pieces is within 50 seconds for the V-0 prescription and within 250 
seconds for the V-1 and V-2 prescriptions. The droppings of combustion are tolerated only for the V-2 prescription. That 
is, with the UL combustion test method (UL 94), the flame retardant properties become higher in the order of the V-0, 
V-1 and V-2. 

[0320] Turning to the test on the appearance, the test pieces of the Examples and the Comparative Examples were 
exposed for 30 days in a constant temperature constant pressure vessel of 80°C atmosphere and 80% relative humidity, 

and the appearance of the test pieces was checked visually. The case without changes in color was indicated with D 
and the case with changes in color was indicated with X. 

[0321] The resultsof evaluation of the combustibility testand the appearance test of the Examplesand the Comparative 
Examples are shown in the following Table 1 . 
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Table 3 





Resins to be made flame resistant (wt%) 


PC 


ABS 


HIPS 


AS 


PET 


PLA 


Ex.17 


99.8 








_ 


- 


Ex.18 


99.85 


_ 


_ 


_ 


_ 


- 


Ex.19 


99.85 


_ 


_ 


_ 


_ 


_ 


Ex.20 


83.8 


15.0 


_ 


_ 


_ 


_ 


Ex.21 


89.5 




lO.O 


_ 




_ 


Ex.22 


89.4 






10.0 


_ 




Ex.23 


84.0 


_ 


_ 




15.0 


_ 


Ex.24 


49.0 


_ 


_ 


_ 




50.0 


Ex.25 




99.0 


_ 


_ 


_ 




Ex.26 






_ 


_ 


99.0 


_ 


Ex.27 


99.8 


_ 


_ 


_ 




_ 


Comp. Ex.15 


99.8 




_ 


_ 


_ 


_ 


Comp. Ex.16 


99.8 


_ 


- 


- 


- 


- 


Comp. Ex.17 


99.85 












Comp. Ex.18 


83.8 


15.0 










Comp. Ex.19 


89.5 




10.0 








Comp. Ex.20 


89.4 






10.0 






Comp. Ex.21 


84.0 








15.0 




Comp. Ex.22 


49.0 










50.0 


Comp. Ex.23 




99.0 










Comp. Bx.24 










99.0 
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Table 3 (continued) 





Flame retarders 




Introducing rate of sulfonic acid 
groups (mol%) 


Content (wt%) 


Ex.17 


Inv. Sp.lO 




n~i 


Ex.18 


Inv. Sp.ll 


79 


fTns 


Ex.19 


Tnv Qr> 1A 

inv. op.i*!- 


ni 


7^ 




Ex.20 




cm 




Ex.21 


Inv. Sp. 1 1 


20 


^1 


Ex.22 




7^ 

'■ 


nT 

^ 


Ex.23 


inv. op. 




7^ 


Ex.24 


Inv. Sp. 14 




9± 


Ex.25 


inv. op. 1 1 




0^5 


Ex.26 


inv, op.ij 




^ 


Ex.27 






2J _ 


Comp. Ex.15 


Comp Sp 17 


65 




Comp. Ex.16 


Comp. Sp.l8 


99 


51 


Comp. Ex.17 


Comp. Sp.l9 


36 


0.05 


Comp. Ex.18 


Comp. Sp.9 




0.5 


Comp. Ex.19 


Comp. Sp.7 




0.1 


Comp. Ex.20 


Comp. Sp.8 




0.2 


Comp. Ex.21 


Comp. Sp.9 




0.3 


Comp. Ex.22 


Comp. Sp.7 




0.2 


Comp. Ex.23 


Comp. Sp.8 




0.5 


Comp. Ex.24 


Comp. Sp.9 




0.5 
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Table 3 (continued) 





Combustibilit 
y (IS) (wt%) 


Anti-drip 
agent (wt%) 


Combustibility test (UL94) 


Inspection on 

appearance 
following high 
temperature 
storage 









5J 


_ 

V-0 prescription passed 


y 


0 




OJ 


V-0 prescription passed 


y 










V-0 prescription passed 


II 
U 


EX;20 




0^5 


0^2 


V-0 prescription passed 


y 


Ex^21 


0^2 




V-0 prescription passed 


y 


Ex.22 


0^2 


~ 1 

0^2 


V-0 prescription passed 


II 


Ex^23 


0.4 


0.3 


V-0 prescription passed 


II 
U 


Ex^24 


0.5 


0.3 


V-1 prescription passed 


II 


Ex.25 


0.2 


0.3 


V-2 prescription passed 


II 
U 


Ex.26 


0.2 


0.3 


V-2 prescription passed 


u 


Ex.27 




0.1 


V-0 prescription passed 


U 


Comp, Ex.15 




0.1 


V-0 prescription not passed 


II 


Comp, Ex.16 




0.1 


V-1 prescription not passed 


II 
u 


Comp. Ex.17 






V-1 prescription not passed 




Comp. Ex.18 


0.5 


0.2 


V-1 prescription not passed 




Comp. Ex.19 


0.2 


0.2 


V-0 prescription not passed 


U 


Comp. Ex.20 


0.2 


0.2 


V-2 prescription not passed 


u 


Comp. Ex.21 


0.4 


0.3 


V-1 prescription not passed 




Comp. Ex.22 


0.5 


0.3 


V-1 prescription not passed 


u 


Comp. Ex.23 


0.2 


0.3 


V-2 prescription not passed 


u 


Comp. Ex.24 


0.2 


0.3 


V-2 prescription not passed 





35 [0322] It is seen from the results of evaluation, shown in Table 3, that the Examples 17 to 19 and 27, containing a 
flame retarder in such a range that the introducing rate of sulfonic acid groups into an aromatic polymer is in a range 
from 0.1 mol% to 8 mol%, are higher in flame retardant properties than the Comparative Examples 15 to 17, containing 
a flame retarder in such a range that the introducing rate of sulfonic acid groups into an aromatic polymer is in a range 
from 36 to 95 mol%. 

40 [0323] The resin compositions of the Comparative Examples 15 to 17shov\/ed variable degrees of combustibility and 
hence v\^ere inferior in flame retardant properties to the Examples 17 to 19 and 27. 

[0324] It Is also seen from the results of evaluation, shown In Table 3, that small-sized speckles of taken up moisture 
were generated In the flame retardant resin compositions of the Comparative Examples 17, 18, 21 and 24, containing 
the control sample 9 as a flame retarder, when the resin compositions were exposed to a high temperature high humidity 

45 environment, thus testifying to detects In appearance. 

[0325] In the Comparative Examples 17, 18, 21 and 24, amide or carboxyl groups, liable to take up moisture, are 
introduced, in addition to the sulfonic acid groups, into the control sample 9, containing sulfuric acid with water content 
of 90 wt%. The Comparative Examples, in which the control sample 9, containing these amide or carboxyl groups, is 
used as a flame retarder, are liable to take up moisture. 

50 [0326] From the results of evaluation, shown in Table 3, that the Examples 20 to 27 are improved in frame retardant 
properties as compared to the Comparative Examples 18 to 24. 

[0327] With the Examples 20 to 27, in which the flame retarder used is low in the introducing rate of sulfonic groups, 
contained in the aromatic polymer, such as to provide for improved compatibility between the flame retarder and the 
resin to be rendered flame retardant, proper flame retardant properties may be conferred on the resin compositions. 
55 [0328] From the results of evaluation of Table 3, it is seen that, by addition of a minor quantity of the flame retarder 
to the resin to be made flame retardant, flame retardant properties may effectively be conferred on the resin. 
[0329] It may be seen from above that use of an aromatic polymer, in which sulfonic acid groups have been introduced 
in a range fl-om 0.1 mol% to 8 mol%, as a flame retarder, in the preparation of the flame retardant resin composition. Is 
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crucial in producing a flame retardant resin composition, on which flame retardant properties have been properly conferred 
and which is not susceptible to defects in appearance even on prolonged storage. 

[0330] Although the present invention has so fer been explained with reference to the preferred embodiments, the 
present invention is not limited to the particular configurations of these embodiments. It will be appreciated that the 
5 present invention may encompass various changes or corrections such as may readily be arrived at by those skilled in 
the art within the scope and the principle of the invention. 



Claims 

10 

1 . A flame retarder to be contained in a resin composition to conferflame retardant properties on said resin composition, 
said flame retarder comprising: 

an acrylonitrile- styrene based polymer containing at least acrylonitrile and styrene; wherein said acrylonitrile- 
15 styrene based polymer is sulfonated with a sulfonating agent containing less than 3 wt% of moisture, whereby 

sulfonic acid groups and/or sulfonate groups have been introduced into said acrylonitrile- styrene based polymer. 

2. The flame retarder according to claim 1 containing sulfur components of said sulfonic acid groups and/or sulfonate 
groups in a range from 0.001 wt% to 16 wt%. 

3. The flame retarder according to claim 1 wherein said sulfonating agent is one or more selected from the group 
consisting of sulfuric anhydride, fuming sulfuric acid, chlorosulfonic acid and polyalkylbenzene sulfonic acid. 

4. The flame retarder according to claim 1 wherein said acrylonitrile- styrene based polymer is redeemed resin originally 
25 produced for specified purposes and/or used up. 

5. A flame retardant resin composition containing a flame retarder to confer flame retardant properties on the resin 
composition, wherein 

said flame retarder includes an acrylonitrile- styrene based polymer containing at least acrylonitrile and styrene; 
30 wherein 

said acrylonitrile- styrene based polymer is sulfonated with a sulfonating agent containing less than 3 wt% of moisture, 
whereby sulfonic acid groups and/or sulfonate groups have been introduced into said acrylonitrile- styrene based 
polymer. 

35 6. The flame retardant resin composition according to claim 5 wherein said flame retarder contains sulfur components 
of said sulfonic acid groups and/or sulfonate groups in a range from 0.001 wt% to 1 6 wt%. 

7. The flame retardant resin composition according to claim 5 wherein said sulfonating agent is one or more selected 
from the group consisting of sulfuric anhydride, fuming sulfuricacid, chlorosulfonic acid and polyalkylbenzene sulfonic 

40 acid. 

8. The flame retardant resin composition according to claim 5 wherein said resin composition contains not less than 
3wt% of one or more of polycarbonate, an acrylonitrile- butadiene- styrene copolymer, polystyrene, an acrylonitrile- 
styrene copolymer, polyvinyl chloride, polyphenylene oxide, polyethylene terephthalate, polybutylene terephthalate, 

45 polysulfone, thermoplastic elastomer, polybutadiene, polyisoprene, an acrylonitrile- butadiene rubber and nylon. 

9. The flame retardant resin composition according to claim 5 wherein said said resin composition and/or said acrylo- 
nitrile- styrene based polymer is redeemed resin originally produced for specified purposes and/or used up. 

50 10. The flame retardant resin composition according to claim 5 wherein a fluoro olefin resin is contained as an anti-drip 

1 1 . A method for producing a flame retarder to be contained in a resin composition to confer flame retardant properties 
on said resin composition, comprising 
55 sulfonating an acrylonitrile- styrene based polymer, containing at least acrylonitrile and styrene, with a sulfonating 

agent containing less than 3 wt% of moisture, for introducing sulfonic acid groups and/or sulfonate groups into said 
acrylonitrile- styrene based polymer. 
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12. The method for producing a flame retarder according to claim 11 wherein said sulfonating agent is one or more 
selected from the group consisting of sulfuric anhydride, fuming sulfuric acid, chlorosulfonic acid and polyalkylben- 
zene sulfonic acid. 

13. The method for producing a flame retarder according to claim 11 wherein redeemed resin originally produced for 
specified purposes and/or used up is used as said acrylonitrile- styrene based polymer. 

14. A method for producing a flame retarder to be contained in a resin composition to conferflame retardant properties 
on said resin composition, comprising: 

reacting a powdered acrylonitrile- styrene based polymer, containing at least acrylonitrile and styrene, with an 
SO3 gas for performing sulfonating processing for introducing sulfonic acid groups and/or sulfonate groups into 
said acrylonitrile-styrene based polymer. 

1 5. Aflame retarderto be contained in a resin composition to conferflame retardant properties on said resin composition, 
wherein 

sulfonic acid groups and/or sulfonate groups are introduced into an aromatic polymer containing monomer units 
having aromatic skeletons in an amount ranging between 1 mol% and 100 mol%, said polymer having a weight 
average molecular weight ranging between 25000 and 10000000, and wherein 

the sulfur content of said sulfonic acid groups and/or sulfonate groups ranges between 0.001 wt% and 20 wt%. 

16. The flame retarder according to claim 15 wherein 

said aromatic polymer has an aromatic skeleton In a side chain and contains at least one or more of polystyrene, 
styrene- butadiene copolymer (high impact polystyrene), an acrylonitrile- styrene copolymer, an acrylonitrile- buta- 
diene-styrene copolymer, an acrylonitrile- chlorinated polyethylene- styrene resin, an acrylonitrile- styrene- acrylate 
copolymer, an acrylonitrile- ethylene- propylene rubber- styrene copolymer and an acrylonitrile- ethylene- propylene- 
diene- styrene resin. 

17. The flame retarder according to claim 15 wherein said sulfonating agent has an aromatic skeleton in a main chain 
thereof and contains at least one or more of polycarbonate, polyphenylene oxide, polyethylene terephthalate, poly- 
butylene terephthalate and polysulfone. 

18. The flame retarder according to claim 15 wherein said aromatic polymer is sulfonated with a sulfonating agent with 
less than 3 wt% of moisture for introducing said sulfonic acid groups and/or sulfonate groups into said polymer. 

19. The flame retarder according to claim 18 wherein said sulfonating agent is one or more selected from the group 
consisting of sulfuric anhydride, fuming sulfuric acid, chlorosulfonic acid and polyalkylbenzene sulfonic acid. 

20. The flame retarder according to claim 15 wherein said aromatic polymer is a redeemed resin originally produced 
for specified purposes and/or used up. 

21 . A flame retardant resin composition to which flame retardant properties have been imparted by a flame retarder 
contained therein, wherein 

sulfonic acid groups and/or sulfonate groups are introduced into the resin composition containing monomer units 
having aromatic skeletons in an amount ranging between 1 mol% and 100 mol%, said polymer having a weight 
average molecular weight ranging between 25000 and 10000000, and wherein 

the sulfur content of said sulfonic acid groups and/or sulfonate groups ranges between 0.001 wt% and 20 wt%. 

22. The flame retardant resin composition according to claim 21 wherein said flame retarder is contained in an amount 

ranging between 0.001 wt% and 30 wt%. 

23. The flame retardant resin composition according to claim 21 wherein said aromatic polymer has an aromatic skeleton 
in a side chain and contains at least one or more of polystyrene, styrene- butadiene copolymer (high impact poly- 
styrene), an acrylonitrile- styrene copolymer, an acrylonitrile- butadiene- styrene copolymer, an acrylonitrile- chlo- 
rinated polyethylene- styrene resin, an acrylonitrile- styrene-acrylate copolymer, an acrylonitrile- ethylene- propylene 
rubber- styrene copolymer and an acrylonitrile- ethylene- propylene- diene- styrene resin. 



24. The flame retardant resin composition according to claim 21 wherein said aromatic polymer said sulfonating agent 
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has an aromatic skeleton in a main ciiain thereof and contains at least one or more of polycarbonate, polyphenylene 
oxide, polyethylene terephthalate, polybutylene terephthalate and polysulfone. 

25. The flame retardant resin composition according to claim 21 wherein said aromatic polymer is sulfonated with a 
5 sulfonating agent containing less than 3 wt% of moisture whereby said sulfonic acid groups and/or sulfonate groups 

are introduced into the polymer. 

26. The flame retardant resin composition according to claim 25 wherein said sulfonating agent is one or more selected 
from the group consisting of sulfuric anhydride, fuming sulfuric acid, chlorosulfonicacid and polyalkylbenzene sulfonic 

10 acid. 

27. The flame retardant resin composition according to claim 21 wlierein not less than 5 wt% of one or more of poly- 
carbonate, an acrylonitrile- butadiene- styrene copolymer, polystyrene, an acrylonitrile-styrene copolymer, polyvinyl 
chloride, polyphenylene oxide, polyethylene terephthalate, polybutylene terephthalate, polysulfone, a thermoplastic 

15 elastomer, polybutadiene, polyisoprene, acrylonitrile-butadiene rubber and nylon is contained in the resin compo- 

sition. 

28. The flame retardant resin composition according to claim 21 wherein said resin composition and/or said aromatic 
polymer is redeemed resin originally produced for specified purposes and/or used up. 

20 

29. The flame retardant resin composition according to claim 21 wherein a fluoro olefin resin is contained as an anti- 
drip agent. 

30. Aflame retarderto be contained in a resin composition to conferflame retardant properties on said resin composition, 
25 wherein 

the flame retarder includes an aromatic polymer containing monomer units having aromatic skeletons ranging 
between 1 mol % and 100 mol %, and wherein sulfonic acid groups and/or sulfonate groups are introduced in an 
amount ranging between 0.01 mol% and 14.9 mol% into the aromatic polymer. 

30 31 . The flame retarder according to claim 30 wherein said aromatic polymer has an aromatic skeleton in a side chain 
and contains at least one or more of polystyrene, a styrene- butadiene copolymer (high impact polystyrene), an 
acrylonitrile- styrene copolymer, an acrylonitrile- butadiene- styrene copolymer, an acrylonitrile-chlorinated polyeth- 
ylene- styrene resin, an acrylonitrile- styrene- acrylate copolymer, an acrylonitrile- ethylene- propylene rubber- 
styrene copolymer and an acrylonitrile- ethylene- propylene- diene- styrene resin. 

35 

32. The flame retarder according to claim 31 wherein said aromatic polymer has a weight average molecular weight 

ranging between 10000 and 10000000. 

33. The flame retarder according to claim 30 wherein said aromatic polymer has an aromatic skeleton in a main chain 
40 thereof and is at least one or more of polycarbonate, polyphenylene oxide, polyethylene terephthalate, polybutylene 

terephthalate and polysulfone. 

34. The flame retarder according to claim 30 wherein said aromatic polymer is sulfonated with a sulfonating agent 
containing less than 3 wt% of moisture whereby said sulfonic acid groups and/or sulfonate groups are introduced 

45 into the polymer. 

35. The flame retarder according to claim 34 wherein said sulfonating agent is one or more selected from the group 
consisting of sulfuric anhydride, fuming sulfuric acid, chlorosulfonic acid and polyalkylbenzene sulfonic acid. 

50 36. The flame retarder according to claim 30 wherein said aromatic polymer is redeemed resin originally produced for 
specified purposes and/or used up. 

37. A flame retardant resin composition to which flame retardant properties have been imparted by a flame retarder 
contained therein, wherein the flame retarder includes an aromatic polymer containing monomer units having aro- 

55 matic skeletons ranging between 1 mol% and 1 00 mol%, and wherein sulfonic acid groups and/or sulfonate groups 

have been introduced in an amount ranging between 0.01 mol% and 14.9 mol% into the aromatic polymer. 

38. The flame retardant resin composition according to claim 37 wherein said aromatic polymer has an aromatic skeleton 
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in a side chain and contains at least one or more of polystyrene, a styrene-butadiene copolymer (liigli impact 
polystyrene), an acrylonitrile- styrene copolymer, an acrylonitrile- butadiene- styrene copolymer, an acrylonitrile- 
chlorinated polyethylene- styrene resin, an acrylonitrile- styrene-acrylate copolymer, an acrylonitrile- ethylene- pro- 
pylene rubber- styrene copolymer and an acrylonitrile- ethylene- propylene- diene- styrene resin. 

39. The flame retardant resin composition according to claim 38 wherein said aromatic polymer has a weight average 
molecular weight ranging between 1 0000 and 1 0000000. 

40. The flame retardant resin composition according to claim 37 wherein said aromatic polymer has an aromatic skeleton 
in a main chain thereof and is at least one ormoreofpolycarbonate,polyphenylene oxide, polyethylene terephthalate, 
polybutylene terephthalate and polysulfone. 

41. The flame retardant resin composition according to claim 37 wherein said aromatic polymer is sulfonated with a 
sulfonating agent containing less than 3 wt% of moisture whereby said sulfonic acid groups and/or sulfonate groups 
are introduced into the polymer. 

42. The flame retardant resin composition according to claim 41 wherein said sulfonating agent is one or more selected 
from the group consisting of sulfuric anhydride, fuming sulfuric acid, chlorosulfonicacid and polyalkylbenzene sulfonic 
acid. 

43. The flame retardant resin composition according to claim 37 wherein not less than 5 wt% of one or more of poly- 
carbonate, an acrylonitrile- butadiene- styrene copolymer, polystyrene, an acrylonitrile- styrene copolymer, polyvinyl 
chloride, polyphenyiene oxide, polyethylene terephthalate, polybutylene butylate, polysulfone, a thermoplastic elas- 
tomer, polybutadiene, polyisoprene, acrylonitrile-butadiene rubber and nylon is contained in the composition. 

44. The flame retardant resin composition according to claim 37 wherein said resin composition and/or said aromatic 
polymer is redeemed resin originally produced for specified purposes and/or used up. 

45. The flame retardant resin composition according to claim 37 wherein a fluoro olefin resin is contained as an anti- 
drip agent. 
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